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POLICY 

It is the policy of the American Concrete Institute to encourage 
participation by its members and others in the work of extending the 
knowledge of concrete and reinforced concrete as a basis for improved 
products and structures. 

To this end the Board of Direction has assigned to the Publications 
Committee the responsibility of selecting for publication such papers, 
committee reports, discussions and other contributions or parts of 
such contributions, as in the judgment of the Committee, seem to offer 
most of value in attaining Institute objectives within space require- 
ments, consistent with budget limitations. 


INTRODUCTION 


The object of this statement from the Publications Committee is to 
assist ACI members and others in preparing papers, committee reports 
and other contributions which will be acceptable for JouRNAL publica- 
tion in furtherance of the Institute’s policy as set forth by the Board 
of Direction (see above). 


The essence of that policy in reference to any contribution is to be 
found in a proper balance between two opposing factors: (1) the cost 
and (2) the anticipated benefits—each as seen from the viewpoint of the 
ACI Membership, insofar as the Publications Committee is able to 
interpret that view. 

It is convenient to think of any such contribution as the record of an 
experience or the cumulative record of many experiences in design, con- 
struction, manufacture, or in research related to such activities. 

It is desirable to think of an acceptable contribution as one which 
records only so much of an experience as is likely to be useful to many 
others toward improvement of practice for better products and structures. 


(1) 
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SUBSTANCE AND TREATMENT 


In general, a paper, committee report, discussion or fragmentary 
comment within the Institute’s field may be acceptable— 

If in substance: (1) it presents suggestions original in subject matter or 
treatment, based on adequate factual record, for the improvement of 
design, construction or manufacturing practice ;* (2) it confirms the find- 
ings of others, provided such confirmation is not superfluous; or if it 
tends to revise or even to upset established ideas and practice, provided 
the new record is significant and convincing; (3) it reviews, digests, cor- 
relates and arranges conveniently for use many accumulated experiences 
of well defined scope. 

If in treatment: (4) its scope and purpose are clearly stated, its items of 
information are well organized for reader assimilation and its conclusions 
adequately but briefly supported; (5) it is objective, avoids personalities, 
and is untainted by a plea of special interest; in short, if it is in good 
taste from the viewpoint of technical and professional interest; (6) of 
discussion of other contributions, the writer confines himself to the sub- 
ject matter pertinent to the scope of the contribution on which the dis- 
cussion is based; (7) as to form and physical arrangement it adheres to 
Institute JouRNAL usages. 


THREE MAJOR CONSIDERATIONS 


If a contribution meets the foregoing conditions its acceptability for 
publication will be determined as far as possible by the Publications 
Committee in relation to three other considerations: (1) probable interest 
of and likely service to membership; (2) budget limitations; (3) the main- 
tainance of a publications program of balanced subject matter. 


SUGGESTIONS FOR MEETING ACI JOURNAL NEEDS 


In extension of the foregoing statement of basic publications policy, 
(approved by the Board of Direction) the Publications Committee here 
implements the general invitation to contribute to ACI work, with 
more detailed suggestions. 


General 


(1)—The aim of the Publications Committee is to select for the 
JOURNAL and for occasional special publications a maximum of useful 
information with a minimum of outlay for drafting, engraving, paper, 
printing and other attendant items of publishing expense—all within 
ACI budget allowances. 


*Originality” is to be understood as having reference to publication as well as to authorship. The 
Institute will not usually consider publishing what has been ao. Exception is sometimes made 
in lpn: a paper whose content is covered in a bulletin of the originating agency in greater length 
and detail than would be appropriate for the ACI Journat. 
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(2) JouRNAL needs change with the times; interest veers sharply with 
every challenge of the unknown; occasional shifts of emphasis are desir- 
able. The Board of Direction has sensed the need for more papers which 
supply “information for use’. Information for use may be the com- 
bined product of laboratory research, of job experiment and of prac- 
tical field application. Whatever its evolution it involves skillful trans- 
lation of what we know into terms of what to do because of that knowledge. 
Papers of that type offer unquestioned opportunity for large service. 


(3) Interests of the reading audience are of primary importance. 
That author gives most distinguished service who writes what that audi- 
ence will read with greatest interest, attention, understanding, and most 
important of all, with the greatest sense of the significance of what is 
read, in terms of what the reader is trying to do—a contribution in which 
facts fit readily into a pattern for their use. 


(4) A large project (whether in design, construction, manufacture or 
research), in its very size and complication of problems, is likely to be 
unique and of limited general interest. Its individual problems may be 
common to many undertakings and therefore of maximum interest. 
Thus it is often best to select for the subject matter of a paper some one 
problem (or several problems likely to be closely related in the experience 
of the readers) rather than to try to cover all aspects of an experience. 


(5) The useful substance of a paper or of a paragraph is its prime asset. 
The larger the audience to which the substance is likely to be useful, the 
higher is the appraisal of the contribution. When valuable substance is 
set forth in an orderly manner, with space economy, it usually has a quick, 
easy road to acceptance. On the other hand, valuable substance may 
reside in a contribution less acceptably set forth; but, with the author’s 
continued help and his acceptance of suggestions, his offering may 
often be made highly valuable. 


(6) An advance outline of what a prospective contributor proposes to 
write, is sometimes a means by which the Committee offers suggestions 
which assist the author in preparing his paper most acceptably. 


How contributions should be submitted 


(7) All contributions offered with a view to publication by the 
Institute should be sent in triplicate copies (one original and two carbons) 
addressed: Secretary of the Publications Committee, AMeRIcAN Con- 
CRETE InstITuTE, New Center Building, Detroit, Michigan. 


(8) All text and captions for illustrations should be typewritten, double- 
space, on one side only of 8! x 11-in. sheets of white paper, leaving 
a blank margin of at least one inch. 
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(9) All contributions should be submitted with a view to their becom- 
ing, if accepted, the property of the American Concrete Institute. 

(10) Consideration cannot be given to contributions submitted also 
to one or more other prospective publishers. (If published elsewhere a 
valuable paper may be briefed in the Current Reviews pages.) 


Preparation of text 


(11) In the organization of the contribution, typing of the text and 
selection of illustrative material, the author should try to visualize 
JOURNAL rather than manuscript pages, considering ACI usages and 
the rigid type pages into whose compass all published material must be 
brought.* Particularly is this advance visualization important in con- 
nection with illustrative material (see below). 

(12) Write plain, straightforward, conventional paragraphs follow- 
ing a preconceived organization of the information to be imparted, 
sparing detail likely to be of interest to but few readers and giving full 
information likely to be of interest to many. Avoid unwarranted capi- 
talization. Underscore only to indicate the use of italic type and employ 
it sparingly. Observe that casual and isolated references to quantity or 
measure are spelled out; that precise dimensions and quantities employ 
numbers and abbreviations—not symbols. 

(13) Thorough organization of the subject matter should follow a 
careful determination of the exact scope and purpose of the contribu- 
tion. Introductory sentences should contain a brief but nevertheless 
explicit statement of that scope and purpose; then the reader is at once 
oriented, knows the author’s objective without having first to grope 
through several pages. Note emphasis on “‘brief’’. Do not write a long 
statement of the need for the particular study which provides the basis 
of the paper. 

(14) Every paper should be preceded by a synopsis, not to exceed 
250 words—preferably not more than 150. The purpose of the synopsis 
is two-fold: (a) In the original published form it arrests the interest of the 
reader who is “thumbing through”. (b) Subsequently it becomes a basic 
reference to the contribution and what it contains. The synopsis thus 
provides the author’s best means of increasing his reader audience. 
It should cover even more briefly the introductory “scope and purpose’’ 
and state in briefest outline the end product of information recorded. 

(15) The ‘story’ should be told in the text—briefly but with such 
completeness in essentials that all tables, graphs and photographic illus- 
trations are in the nature of parenthetical elaboration of detail best 
recorded in these mediums. Attention may be called to them in the 
text by a simple parenthetical reference, as: (Table 1) or (Fig. 1 and 2). 
~#See JOURNAL pages of September 1941, or later. 
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(16) Avoid as far as possible the use of words or expressions peculiar 
to a specialization. Avoid colloquialisms, job jargon and terminology 
whose use is unduly restricted—professionally, geographically or other- 
wise. Aim to be understood by young engineering students and by 
readers who think in other languages than English. Stay close to the 
common language of allied professions, arts, trades. 


(17) Extended quotations from generally accessible literature are 
undesirable; use references. If few, they may be casual in the text, as 
“Talbot reports’”—each such reference keyed by symbol (as *) to a 
specific footnote citation; if numerous, numbered (as “) to correspond 
to a list of references in a bibliography at the end of the paper. 


(18) Tabulations should be numbered consecutively in the order of 
the first text reference to them. A table should not be inserted in the 
text following some such phrase as “in the tabulation which follows’’. 
Frequently it is mechanically impossible to place a table as so indicated. 
To split a table between two pages is undesirable and usually becomes 
necessary only when it must be more than a page long. 

(19) In recording extensive test data in detail remember two things: 
(a) At this point the reading audience dwindles to the analytical few; 
(b) Composition for tabulations in 6-point type costs about six times as 
much per page as straight text. Test data may often be summarized in 
text or in compressed tabulations of “average values’”’ and provide ample 
basic information for most readers. To provide the “complete record” 
which the research man likes to make available for purposes of check 
upon his technique and findings, extensive test data, likely to be of 
interest to but few readers, might often be made available to those few 
through the Institute in mimeograph or otherwise at cost of reproduction 
and so announced in a footnote. The Committee is well aware that in 
spite of the disparity in mechanical costs, useful tabulations often provide 
the most economical way of presenting much information in small space. 
It is merely suggested that tabulations be kept to essentials. 


Illustrative material 


(20) With no allowance for additional drafting, a line-cut from the 
usual line drawing costs more than two and one-half times as much as an 
equivalent text area. A half-tone illustration from a photograph, wash 
drawing or any illustrative material having essential variations of tone, 
costs about three and one-half times as much as the displaced text. 
Illustrative material should be selected to serve a purpose commensurate 
with its much greater cost—which well chosen illustrations justify. 
Photographs and drawings are all ‘‘figures’’ comprising one series num- 
bered consecutively in the order of first text reference. Captions for 
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illustrations should not be lettered on photographs or drawings but 
should be supplied on a separate sheet of paper, listed consecutively in 
the order of reference for type composition. 


(21) Most photographs and many drawings show too much—thus too 
little of essentials. To convey an idea, as of some construction feature, 
the author should aim to “play up” the important detail and eliminate 
any clutter of distracting non-essentials. Generally, a drawing should be 
specially made for the paper of which it forms a part, to show some inter- 
esting detail—nothing else. 


(22) Photographs (glossy prints preferred), unmounted, and mailed 
flat should be protected against damage. Do not use clips. 


(23) Graphs, diagrams, etc. should not be submitted on fine-line 
cross-section paper. Rarely will it stand necessary reduction without 
“smudge.” The neat and painstaking author is prone to over-emphasize 
harmony throughout a series of drawings—a harmony related only to 
the contribution in its manuscript form. A ‘‘curve’”’ which might be 
shown in very small space often occupies a grid sheet of the same size 
and with the same lettering as a more complicated graph subject to less 
reduction. Such dissimilar graphs are too often “‘framed’’ with neat, 
uniform borders—a comely job in manuscript but unsuitable for repro- 
duction. Look at the printed page; visualize the minimum space in 
which a graph will convey essential information. Then make it with 
reference to necessary reduction (perhaps double or treble the probable 
final printed dimensions) and the lettering in dimensions chosen for 
legibility after reduction. If lettering is clean and open it is still legible 
at a height of about 4g in. It makes for convenience and economy when 
a series of graphs has a uniform reduction multiple. When the contrib- 
utor is not sure of himself in the matter of his lettering it is better that 
it be put on lightly in pencil and left to an Institute draftsman. A graph 
should bear its proper explanatory legends; but explanations of and 
comment on other detail should be kept off the drawing, to be embodied in 
type captions, or if an essential of the ‘‘story’’, then in the text. Excessive 
lettering greatly complicates drafting and engraving problems, in unnec- 
essary limitations on reduction. Folded inserts are not published. 


(24) Not only should illustrative material be unmounted but espe- 
cially should the author refrain from making pasted-up layouts which 
are not always in keeping with the final plan. 


Discussion 


(25) Note at end of each paper or report as published (and on the 
inside of each JoURNAL cover) the announcement of time limit for dis- 
cussion. All published papers and reports of a technical nature in the 
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Institute JouRNAL are open to discussion. Discussion of discussion is 
the exclusive privilege of the original author of a paper discussed. 
Discussion is subject to all of the requirements of primary contributions 
and this additional one: Discussion must confine itself to the scope of 
the contribution upon which it is based. 


Job Problems and Practice 


(26) The JPP Department of the JouRNAL provides wide latitude in 
both subject matter and treatment—prescribes few formalities. It will 
be used more and more for brief contributions, for comment and criti- 
cism, and for attention to special problems and inquiries of some general 
interest. It is anticipated that the contributor will accord the Committee 
reasonable latitude in putting fragmentary contributions containing 
helpful substance into acceptable form for publication. 


RELATIONS OF CONTRIBUTOR AND COMMITTEE 


(27) In the Contributor’s relations with the Institute’s Publications 
Committee the contribution is a confidential matter up to the time of 
its final availability for publication—confidential within the limits of the 
procedure necessary to determine availability. That procedure follows 
this pattern: 

(28) The Secretary-Treasurer of the Institute, in his capacity as 
Secretary of the Committee, advises the Committee, by memorandum, 
of a contribution received for consideration, giving title, name of the 
author, the synopsis, and an estimate of JouRNAL space requirement of 
text, tables, and illustrative material if published approximately as 
submitted. Such a memorandum implies that members of the Com- 
mittee will give preliminary suggestions for consideration or disposition 
of the contribution, naming critics especially competent to consider 
it. Rarely is a paper passed for publication without critical examina- 
tion by at least three persons. If there is unanimity of opinion as to 
the general acceptability of a contribution, action is usually taken based 
upon such a consensus. If there are wide differences of opinion other 
critics are called upon. Action is eventually taken by the Committee 
Chairman and Secretary (the Committee’s executive group) in conform- 
ity with majority opinion—or in doubtful situations, the entire Com- 
mittee may be asked to decide on the basis of critics’ opinions. 

(29) If it is a simple matter of acceptance or rejection of the con- 
tribution as submitted the procedure requires less time than is necessary 
when critics find the contribution acceptable subject to modification— 
parts eliminated as non-essential; the addition of further information; 
specified statements to be qualified. Rarely is a contribution accepted 
precisely as presented. Usually the contributor accepts suggestions (sent 
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to him in some detail) with thanks. If there are some residual differences 
of opinion, as between Author and Committee, concessions are likely on 
one side or the other, usually both. Further, the Committee reserves to 
itself certain purely editorial prerogatives (as in rearrangement for greater 
clarity) and even in these matters the author has final opportunity to 
approve or disapprove. If differences cannot be composed the Author 
is at liberty to withdraw his paper. 

(30) During the process of manuscript consideration the Secretary of 
the Committee can at first only acknowledge its receipt, indicate that it 
has been referred to the Committee. If the contribution is acceptable, 
actual scheduling for publication depends upon factors of timeliness, 
prior commitments and possibly other considerations. 

(31) For discussion of papers the procedure is usually (not always) a 
shortened form of that indicated for original contributions. 


THE CONVENTION PROGRAM 


(32) Most of the subject matter of the annual convention program 
(for which the Publications Committee is responsible) is selected from 
among papers and reports either already published or scheduled for 
pre-convention publication. They are selected for their adaptability to 
the special uses of a convention. A convention contribution is first 
chosen for publication on the basis of the criteria which have already 
been outlined. Its adaptability for a convention—an occasion when 
men come together ‘“‘to discuss’’—often requires special re-treatment. 
This recasting of subject matter is for that brief, simplified, oral pre- 
sentation which a convention demands; the elimination of elaborate and 
confusing detail and assurance of opportunity for and participation in 
discussion—the participation of numerous individuals. A close line-for- 
line reading of long technical papers is often a deadly antidote for con- 
vention interest and spontaneity. (See “Technical Tedium or Other- 
wise” by R. W. Crum, April 1941 ACI Journau. Separate prints 
on request.) 


IN CONCLUSION 


(33) It is well perhaps to repeat that the primary criterion for the 
acceptability of any contribution is its probable usefulness to the mem- 
bership of the Institute. It is published to inform the reader, through 
such a record as is new, significant, noteworthy and unincumbered by 
what is already common knowledge or by that which is of such isolated 
application as to have little general interest. 
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The Influence of Vibration, Consistency, and Grading 
of Aggregate Upon the Design of Concrete* 


By G. W. HUTCHINSON ¢ 


Member American Concrete Institute 


SYNOPSIS 


Data in this paper supplement those previously published: ‘Concrete 
Aggregate Development on the Claytor Hydro Project.” They are 
from the results of several investigations in the Claytor laboratory of 
factors affecting the design of concrete which could not be fully recon- 
ciled with existing theory. The more important indications: 

1—That an optimum gradation exists for each aggregate or set of 
aggregates, when of given maximum size and combined with a given 
paste content, which provides maximum workability in concrete. 
Gradations of aggregate either finer or coarser than the optimum 
require additional mixing water in order to maintain equal workability. 

2—To maintain a given consistency of concrete, a greater water con- 
tent, per unit volume of concrete, is required as the paste content is 
increased, 

3—The compressive strength and durability of concrete, especially 
in the mixtures sufficiently dry to require placement by vibration, are 
affected by the consistency of the concrete in a manner not definitely 
related to the water cement ratio except when the cement content is 
constant. 


INTRODUCTION 


In connection with concrete studies for the Claytor Dam, Pulaski 
County, Virginia,{ numerous series of tests were made as a means to 
study the effects of different factors influencing the strength and other 
properties of the concrete. Some of these tests led to somewhat new 
conceptions of the parts played, even by such fundamental things as 
consistency and grading of aggregate. These roles became apparent in 
the endeavor to enhance, by any means possible, the quality of lean 
concrete of relatively dry consistencies of which large dams are built. 
~ *Received by the Institute March 3, 1941. 

+Concrete Technician for the Clayton Hydro Project. 


G. W. Hutchinson: Concrete Aggregate Development on the Claytor Hydro Project. ACI Journat, 
January 1940; Proceedings V. 36, p. 273. 


(9) 
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They were perhaps emphasized by the rather unique properties of the 
artificial sand used—crushed dolomite reshaped by special milling to 
produce an unusual degree of workability, comparable to that of good 
natural sands. Some of these relations seem important enough to be 
taken into account in the design of concrete for major projects. In any 
case, they seem to disclose definite conditions under which there are 
occasional wide departures from the generally accepted water-cement 
ratio law. 

If these deductions, together with the supporting evidence, as pre- 
sented in this paper, are not fully accepted by those who care to study 
them, they at least suggest that well established notions regarding the 
internal structure of concrete will bear occasional re-examination from 
both the old and newer points of view. 


OUTLINE OF TESTS 


This discussion is based on five series of tests, the data of which are 
tabulated without unnecessary detail in Tables 1 to 5. The first four 
of these involve the same type and grading of coarse aggregate, but 
different types of fine aggregates. 


Series X-1 (Table 1) constitutes a group of tests in which the cement 
ranged from 0.5 to 2.0 bbl. per cu. yd. A natural sand was used as fine 
aggregate. It was supplemented by additions of minus 100 mesh dolo- 
mite in such quantity that all mixes contained an amount of cement plus 
fine dolomite, equivalent to 2 bbl. of cement per cu. yd. on an absolute 


TABLE 1—EFFECT OF CONSISTENCY AND WATER-CEMENT RATIO UPON 
THE COMPRESSIVE STRENGTH OF CONCRETE 
SERIES X-1 
Coarse Aggregate: Crushed dolomite, %-%4 in. 








Fine Aggregate: Natural sand B and crushed dolomite passing No. 100 sieve. Column 3 gives the amount 
- fine dolomite as the equivalent of bb]. of cement per cu. yd. on an absolute volume 
A818. 
Test Specimens: 3 x 6 in. cylinders. Each value of strength is the average of five tests 
"Cement | Fine | Slump | W/C | Water Compr. Str., psi. 
Mix | bbl./ | Dolo- | gal. | 
| cu. yd. | mite | Ain. ) | by wt.) | cu. yd. | 7 Day | 28 Day | 90 Day 
A | “0.50 | 1.50 | 5 1.72 | 391 | 469 651 83) 
B 0.75 Loi 25 5% ers | 39 7 743 1290 1550 
. T ae | 1.0 6 | Oo | 4.9 1320 | 1970 | 2560 
D | 1.25 | 0.75 | 6 | 0.73 | 41.4 | 1680 | 2330 | 3480 
oe 1 1.20:. |...0.78 | | 4 | 0.68 | 38.7 1900 3110 4400 
DDD | 1.25 | 0.75 2 0.63 | 35.7 | 2499 | 3990 | 5410 
DDDD 1.25 | 0.75 0 0.53 30.1 3410 4490 6730 
E | 1.50 0.50 6 | 0.62 42.0 1970 3200 4290 
F | 1.75 | 0.25 6 0.54 | 42.6 2430 3890 5160 
G 2.00 | 0.00 6 0.48 43.3 3220 4220 6040 
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TABLE 2—RELATION BETWEEN COMPRESSIVE STRENGTH OF CONCRETE 
AND FINENESS MODULUS OF AGGREGATE 


SERIES X-7 


Cement Content: 1.20 bbl. of cement per cu. yd. of concrete. 

Water Cement Ratio: 0.62 by weight. 

Aggregates: Stone sand A and four natural sands, B, C, D, E. Coarse aggregate: % to % in. 
crushed dolomite. 

Consistency: Stiff, suitable for vibrating. 

Test Specimens: 3 x 6-in. cylinders. Each value of compressive strength in the table is the average 


of 10 tests. Age 28 days. 


Fine Aggregate Identification 
Aggregate . Atos BATA ENF 
Ratio, | A B C D E 

Fine : Coarse | el ed 
Compressive Strength, psi. 


S27 2600 2280 2260 2190 2550 
4:6 3460 2700 2710 2530 3130 
§:5 4730 2940 3150 2700 3400 
6:4 5840 2750 3040 2810 3300 
128722.8 5270 2620 1240 1460 765 
Fineness Modulus of Total Aggregate 
S37 5.76 5.76 5.76 5.60 5.54 
4:6 5.35 5.35 5.35 5.13 5.05 
§:5 4.94 4.94 4.94 4.67 4.55 
o: 4.52 4.52 4.52 4.21 | 4.07 
7.022.0 | 3.92 3.92 3.92 3.51 3.34 


TABLE 3—VARIATION IN COMPRESSIVE STRENGTH AND PLACEABILITY 
OF CONCRETE WITH CHANGE IN AGGREGATE GRADING 


SERIES X-7B 
Cement Content: 1.20 bbl. of cement per cu. yd. of concrete. | 
Aggregate: Stone sand A, 0-4; Crushed dolomite %-34 in. 
Stone sand F, 0-4; Crushed dolomite %-%4 in. 
Test Specimens: 3 x 6 in. cylinders. Each value in the table is the average of 6 tests. Age 28 days. 





Aggregate Compressive | 
Ratio | Fineness Placeability | Strength | Ww/C 
Fine : Coarse} Modulus (Seconds) | psi. | (by wt.) 
Sand A 
A .* 3:7 5.76 16 1760 0.62 
2-A 4:6 5.35 12 3780 0.62 
3-A 41.5:5.5 5.14 10 4470 0.62 
4-A §:5 4.94 +) 5440 0.62 
5-A §.5:4.5 4.73 9 5680 0.62 
6-A 6.5 :3.5 4.32 15 5610 0.62 
7-A 7.0°32.8 3.92 20 5590 0.62 
Sand F 
1-F r ef 5.76 15 2100 0.69 
2-F 4:6 5.35 13 3200 0.69 
3-F '.6:5.5 5.14 11 3730 0.69 
1-* 5:5 1.94 11 4040 0.69 
5-F §.5:4.5 1.73 12 3960 0.69 
6-F 6:4 4.52 15 4000 0.69 
7-F 6.5 :3.5 4.32 20 3760 0.69 





*All specimens honey-combed about one-half of total vertical area. 
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volume basis. The test results obtained from this series indicate: (1) 
that even in fairly wet mixes, suitable for hand placing, the water required 
to maintain a given consistency is not constant, but increases with the 
cement content; (2) that strength depends not alone on water-cement 
ratio, but on consistency as well. Durability of these concretes is dis- 
cussed in the Appendix. 


Series X-7 (Table 2) involves tests of concrete made with different sands 
at vibrating consistency. The cement content and water cement ratio 
remained constant. A group of tests was made for each sand with a 
progressive change in the ratio of fine to coarse aggregate. Comparison 
of compressive strengths with fineness modulus of aggregate show: (1) 
that the strengths vary widely with change in grading of the aggregate 
even when the W/C is constant; (2) that the maximum strengths occur 
at relatively low values of fineness modulus. 


Series X-7B (Table 3) is similar to Series X-7, except that the tests 
are confined to two stone sands, one the specially milled sand and one 
coming direct from the primary stone crusher, the latter having many 
flat and elongated particles. These concretes made with each sand were 
of the same cement content and W/C, and of stiff but generally placeable 
consistency with the vibrator. Placeability* was measured by a special 
device for indicating the relative workability of mixtures having zero 
or near zero slump. These tests show markedly the increase in compres- 
sive strength with decreasing fineness modulus and they show that 
strength is near the maximum at maximum placeability. 


Series X-12 (Table 4) shows compressive strength-fineness modulus 
relations for the reshaped dolomite aggregate at 3 different cement 
contents and water-cement ratios, all at vibrating consistency. In all 
groups, maximum placeability corresponds nearly to maximum strength, 
regardless of cement content, and in all cases the highest strengths are 
associated with what would ordinarily be regarded as over-sanded 
mixtures. 


The fifth series of tests (Table 5) is a study of the placeability of differ- 
ent concretes of vibrating consistency, of constant cement content and 
W/C, as the ratio of fine to coarse aggregate varied progressively. The 
tests indicate that particle shape and surface characteristics of the fine 
aggregate have considerable effect on workability in concrete of this type. 


MATERIALS 


Sufficient normal cement to complete each investigation was secured 
in advance and properly stored. Coarse aggregate was crushed dolomite 


*Description published in A.S.T.M. Bulletin, August, 1939. 
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TABLE 4—RELATION OF PLACEABILITY AND STRENGTH OF CONCRETE 
TO FINENESS MODULUS IN MIXTURES OF DIFFERENT CEMENT CONTENT 
SERIES X-12 


Cement content as indicated. Water-Cement Ratio constant for any given cement content. 
Aggregate: Stone sand A, 0-4; Crushed dolomite, %-% in. 

Consistency: Stiff, suitable for vibrating. ‘ 

Test Specimens: 3 x 6 in. cylinders. Age 28 days. Each value in the table is the average of 5 tests. 








Aggregate | Compressive 
Ratio Fineness | Placeability | Strength Ww/C 
|Fin ine : Coarse} Modulus | (See onds) | Psi. | (by wt.) 

Cement Content: | 
0.95 bbl. per cu. yd.| | 

AS-1 3:7 5.76 45 0.83 

2 1:6 5.35 12 2440 0.83 

3 §:5 4.94 8 3190 0.83 

4 6:4 4.52 7 3550 0.83 

5 oe 4.11 11 3630 0.83 
Cement Content: | 
1.25 bbl. per cu. yd 

BS-1* Ee 5.76 15 2140 0.62 

2 4:6 5.35 9 4270 0.62 

3 6:3 4.94 6 4920 0.62 

4 6:4 4.52 7 5220 0.62 

5 ¥ <a 4.11 10 5230 0.62 
Cement Content: | 
1.75 bbl. per cu. yd 

Cs-1 aiz 5.76 15 5240 0.46 

2 4:6 5.35 11 7040 0.46 

3 §:§ 4.94 8 7810 0.46 

4 6:4 4.52 13 7850 | 0.46 

5 re 4.11 20 8080 0.46 


*All specimens honey seainaiiedie about one- whe Mf of total vertical area. 


TABLE 5—EFFECT OF TYPE AND GRADING OF FINE AGGREGATE ON 
PLACEABILITY (WORKABILITY) OF CONCRETE 

















Cement Content: 1.00 bbl. pr cu. yd. of concrete. 
Water-Cement Ratio: 0.70 by weight. 
Coarse Aggregate: ( ‘rushed dolomite, *%-1% in. ti Ad ee rl ee 
Aggregate Fine Aggregate Identification 
Ratio, —| —- a 
Fine : Coarse A B Cc D E 
Seconds Required for Maximum ‘Compaction 
ee 25 18 | 26 | 18 | 15 
3.5 :6.5 15 s 16 9 ll 
4:6 11 5 10 s 10 
4.5:5.5 9 14 13 13 
5:5 9 5 
6:4 8 6 
i 2s 16 
— ancciapeennnspmeeeepe ——— ————————— j od eee ——EEE 
Fineness Modulus of Total Aggregate 
' oe 6.11 6.11 | 6.11 | 5.95 5.89 
3.5 :6.5 5.88 5.88 5.88 5.70 5.62 
4:6 5.65 5.65 5.65 5.44 5.35 
4.5:5.5 5.42 5.42 5.18 5.08 
6:5 5.19 5.19 
6:4 4.70 4.70 
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Fig. 2—Grading curves of fine aggregates 


screened to pass a °4-in. and to be retained on a %% in.-opening. This 


was used for all series reported herein, except for the placeability studies 
summarized in Table 5, in which the size range was 3% to 11% in. 

The fine aggregates, with the exception of those used in series X-7 
(Table 2) were separated into three sizes, 0-50, 50-16, 16-4, and then 
recombined in definite proportions for each investigation. The character 
of the different sands is shown in Fig. 1—typical particles of each, A and 
F being the dolomitic sands (prepared and unprepared, respectively), B 
and C relatively coarse natural sands, and D and E relatively fine 
natural sands. The gradation is shown in Fig. 2, in which attention may 
be called to the relatively limited amount of 16-50 material in the dolo- 
mitic sands, and to the relatively high fraction (about 17 per cent) 
passing the No. 100 sieve. 


CASTING OF SPECIMENS 


All conerete batches were mixed by hand, sufficient for making from 
four to seven 3 x 6-in. cylinders. Those of approximately 2-in. slump or 
less were cast by vibration. Each set of specimens, in the latter case, 
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was cast at one time as the molds rested on a vibrating table. When 
casting specimens by vibration, the concrete was placed in the molds by 
means of a large spoon, filling about one-fifth each time. No additional 
concrete was added until the matrix of that previously placed was flushed 
to the surface. The specimens for each complete set, or each investiga- 
tion, were made at one time by continuous operation. They were covered 
by a wet cloth and stored at room temperature until the next day, and 
were then removed to damp closet storage until time for test. Leadite 
caps (top and bottom) were used when testing all specimens. 


The deficiency in fine aggregate of two stone sand mixtures (1-A, 
Table 3, and BS-1, Table 4) did not permit satisfactory compaction.* 
The result was that about one-half the vertical surface was honey-combed 
in each of the specimens. All others were sufficiently workable to permit 
proper compaction by the method used. 


DISCUSSION OF RESULTS 


In this discussion the order in which the tabular data are presented 
will be adhered to as nearly as possible. Inter-comparisons of data from 
two or more series are shown by a number of diagrams, one or two of 
which depend upon data omitted from this report for the sake of brevity. 
The effect of consistency on compressive strength of concrete 

Table 1 contains the summarized data of a series of tests which indicate 
that consistency varies with change in cement content of similar mixtures 
and that strength is dependent on consistency apart from water cement 
ratio, even in concretes suitable for hand placing. As stated in the out- 
line, seven concretes were included which varied in cement content from 
0.5 to 2.0 bbl. of cement per cu. yd. Fine and coarse aggregates were 
constant throughout, but minus 100 mesh dolomite was added in such 
quantity as to keep the cement plus dolomite at the equivalent of 2.0 
bbl. of cement per cu. yd. on an absolute volume basis. In the seven 
concretes (specimens placed by hand rodding) the slump was kept as 
nearly as possible at 6 in. 

Three additional concretes were also included as a variation of Group 
D, all containing 1.25 bbl. of cement per cu. yd., but gaged to 4-, 2- and 
0-in. slump, respectively. The reduced water content in this group 
permitted a comparison of compressive strengths of concretes having the 
same W/C but different consistencies. 


The 3-months compressive strengths from Table 1 are plotted against 
the total water content of the concretes in Fig. 3. The strengths of the 





*The relative workability of these mixtures could be determined without difficulty. The frequency of 
the vibrator attached to the workability device was 8000 per minute with the vibratory action being trans- 
mitted laterally. The vibrating table upon which the compressive test specimens were cast operated at a 
lower frequency of 3600 per minute, and the vibratory action was transmitted in a vertical direction. 
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6-in. slump concretes lie in the full curve, which is so nearly s straight 
line that one might be justified in making a slight correction (as shown 
by the dotted line) to compensate for the lower slumps of the two weakest 
mixtures, A and B. In the same manner, the strengths of the D groups 


are plotted on the dash line. 


Curve A of Fig. 
content with the 
change in water content if equal consistency is to be maintained. 


3 is significant in showing that change in the cement 
minus 100 mesh aggregate compensation requires a 
This 
is contrary to the commonly accepted view that slump and total water 
per unit volume remain constant under these conditions. The change in 
water content for constant consistency, while slight for small changes 
in cement content, is nevertheless proportional to the quantity of cement 
in the mix and amounts to over 10 per cent for the range covered in this 
series. 
tional water required to maintain the given slump was directly proport- 


In the case of the mixtures shown by Curve A, Fig. 3, the addi- 


ional to the increase in cement content (and decrease in the minus 100 
dolomitic aggregate). 
however, indicate the mixture containing the intermediate cement 
content (1.25 bbl. per cu. yd.) as having the lowest water content for a 
given placeability. A greater amount of water was necessary for equal 
placeability as the mixture became either leaner or richer in cement. 


The mixtures in the series shown by Fig. 8, 
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The seeming inconsistency between these two series is clearly explained 
by Dunagan.* 

Curve A in Fig. 3 shows that for constant slump, the strength is an 
inverse function of the water cement ratio, but Curve B shows that 
when cement content is constant and slump is reduced, the strengths 
increase above that indicated by the water cement ratio, and therefore 
the strength must depend to some extent upon consistency or relative 
water content. 

The discrepancy is seen more easily in Fig. 4, in which the data are 
plotted in the conventional method — strength vs. W/C. There it is 
seen that a compressive strength of 5000 psi. at 3 months is obtained 
with 1.25 bbl. of cement per cu. yd. at approximately 3-in. slump (W/C = 
0.65), or with 1.7 bbl. of cement per cu. yd. at 6-in. slump (W/C = 0.54). 
Similar differences occur in the strength relations at 7 and 28 days. It 
is obvious that greater economy will result in the use of drier consisten- 
cies and placement by vibration than with wetter consistencies by 
hand methods, and that the factor governing strength is not water- 
cement ratio alone. A leaner mixture, at a higher water-cement ratio, 
produces a compressive strength equal to that of a richer mixture at a 
lower water-cement ratio. 


Effect of grading of aggregate on compressive strength of concrete at vibrating 
consistency 


Data from Table 2 are plotted in Fig. 5 — compressive strength vs. 
fineness modulus of aggregate. The concretes were made with five 


*W.M. Dunagan: The Application of Some of the Newer Concepts to the Design of Concrete Mixes, 
ACI Journat, June, 1940; Proceedings V. 36. See (b) The validity of the Slater-Lyse rule, p. 667. 
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Fig. 5—Relation between strength of concrete containing different fine aggregates and 
fineness modulus of total aggregate; cement content and water-cement ratio constant 


different sands used in varying proportions with the coarse aggregate, 
and all mixtures were of the same cement content and water-cement 
ratio. Each value of strength in Table 2 was obtained from the average 
of 10 specimens. The curves in Fig. 5 indicate that considerable varia- 
tion in the strength of vibrated concrete can exist as the result of changes 
in type and gradation of aggregate. The outstanding quality of sand A is 
shown, but for a more complete and fair comparison, some adjustment 
would have to be made on the basis of comparative workability—not 
possible by present accepted tests in this type of concrete. 

Relation between placeability of stiff concretes and character of aggregate 


The introduction of a method for measuring the relative placeability 
of low or no slump concretes opens up new possibilities in design and 
control. Table 3 summarizes the data of a series of concretes, in which 
two types of stone sand were used, one being the re-shaped sand A, and 
the other sand F, composed of relatively sharp and elongated particles 
from the primary crusher. Grading of the total aggregate was changed 
as before, by changing the ratio of fine to coarse, and the placeability was 
determined by the method previously referred to under “Outline of Tests.” 
The same cement content was used throughout, but a higher water ratio 
was required for sand F than for sand A to give about the same optimum 
placeability. The results are plotted in Fig. 6. Both placeability, which 
is indicated as the time in seconds required for maximum compaction, 
and compressive strength, are plotted against fineness modulus of 
aggregate. Maximum placeability is reached at the lowest points on the 
dot-dash curves. It is seen that the compressive strength falls off 
‘rapidly for gradations coarser than that giving maximum placeability. 
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Fig. 6—Strength and placeability of concrete containing stone sands A and F in relation 
to fineness modulus of total aggregate. 


The superiority of Sand A is indicated by a reduction in W/C of about 
10 per cent, and an increase in strength of at least 40 per cent over that 
of sand F. Further examination shows that while maximum place- 
ability and strengths are consistent for each of the sands, the maxima 
for sand A occur at a somewhat lower fineness modulus than do those for 
sand F, and at still coarser grading the curves cross. The significance of 
this relation may lie in the fact that many more particles of the sharp 
and splintery sand F are found in a given sieve fraction than for sand 
A, indicating that on a basis of equal surface the curves for sand F should 
lie farther to the left. This would tend to reconcile maximum work- 
ability with maximum strength, regardless of particle shape, and would 
eliminate the crossing of the curves, at least for any grading that could 
be called workable. 

Placeability and strength of stiff concretes in relation to grading of aggregate and 

richness of mix 

Table 4 gives further data on sand A when used in lean, medium and 
rich mixtures. For each cement content a group of tests was made 
similar to those in the two series just described, that is, with varying 
proportions of fine and coarse aggregate, all having the same W/C and 
cement content. The compressive strengths are plotted in the full 
curves of Fig. 7, which show that the strengths fall rather rapidly beyond 
the gradation which gives maximum placeability, indicated by the peaks 
of the dot-dash curves. It is important to note that the points of maxi- 
mum placeability are not much affected by cement content or water- 
cement ratio, but seem to be tied up to fineness modulus of the total 
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aggregate. This suggests the idea of an optimum gradation of aggre- 
gates for this type of concrete, short of which placeability would be 
penalized, and beyond which loss of placeability would be accompanied 
by very serious losses of strength. 


In Fig. 7, let us focus attention on the dot-dash curves labeled ‘‘Place- 
ability Constant.’’ To understand the construction, see Fig. 8, in which 
the placeabilities taken from Table 4 are plotted against fineness modulus 
of aggregate. Maximum placeability corresponds to the lowest points 
on these curves, which are the peaks of the constant placeability curves 
in Fig. 7. In Fig. 8 it is obvious that constant placeability curves are 
horizontal lines, three of which are drawn tangent to the full curves at 
their minimum points. Points to the right or left of these minima on the 
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Fig. 9—Curves show relation between placeability of rich, medium and lean concretes and 
water-cement ratio. 


Fig. 10—Strength—w /c curve for determination of adjusted strength values in Fig. 7. 


full curves correspond to less workable mixtures, that is, more water 
would have to be added to bring them to the maximum placeability. 
The increased water-cement ratio necessary to give this increased work- 
ability is indicated below each of the original points of the full curves. 
These derived W/C values are taken from Fig. 9, which shows the 
relation between placeability and W/C for fhe mixtures listed in Table 4. 
Finally the strengths corresponding to the adjusted W/C values in Fig. 8 
are interpolated from the curve in Fig. 10, which shows the Strength — 
W/C curve drawn through the three points (the larger solid cireles) 
corresponding to the mixtures of maximum placeability in Table 4. 

The strengths determined in the above manner locate the points for 
the constant placeability curves in Fig. 7. It will be noted that the 
strength of the concrete, when adjusted for equal placeability, (work- 
ability) decreases progressively as the gradation of the aggregate becomes 
finer or coarser than the optimum. This relative decrease is greater as the 
cement content of the mixture is increased. Also in the lean mixtures 
(0.95 bbl. per cu. yd.) the fineness modulus of aggregate corresponding 
to maximum placeability is lower than that for the two richer mixtures. 

It can be noted that the definite tendency to establish optimum gra- 
dations of aggregate, measured by relative placeability, is substantiated 
in general by Dunagan, in using Powers’* ‘‘Remolding effort’ test. 

The lack of better coincidence between the actual strengths and the 
estimated strengths of the coarser gradations in Fig. 7 is attributed to 


*T. C. Powers: Some Workability Studies. ACI Journat, Feb. 1932, Proceedings V. 28. 
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the fact that the concrete is too harsh to remain homogeneous and that 
something resembling particle interference is present. It is seen that 
the divergence between the full curves and the dot-dash curves increases 
as the mixes are leaner; it is also more pronounced as the aggregate is 
coarser. The practical effect upon the placing of the concrete in the 
molds was that in the 0.95 bbl. mixture with aggregate of fineness modulus 
5.76, compaction of the specimens was not possible. In such mixtures 
the water-cement ratio is meaningless so far as strength is concerned. 


Importance of the placeability test in indicating optimum gradation 


Fig. 11 shows the strengths of concretes made with sand A, as taken 
from Tables 2, 3 and 4, for a water-cement ratio of 0.62. These are 
from different series made at different times — nevertheless the curve is 
a fair locus showing strength change with change in the fineness modulus 
of the total aggregate. Two points may be emphasized: (1) That the 
maximum placeability, as shown in Fig. 6 and 7, gives about the maxi- 
mum strength; and (2) that the water-cement ratio does not appear to 
be a dependable index of strength when the aggregate grading is coarser 
than that giving maximum placeability. The author believes it import- 
ant to realize that without the placeability test, or some means of indi- 
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‘ating the relative workability of stiff concretes, the designer’s judgment 
as to the proper proportions of fine and coarse aggregate would in the 
majority of cases prescribe a combination too coarse to give maximum 
placeability and strength obtainable with the water-cement ratio used. 


Studies of natural sands 


The tests reported here have related mostly to concrete mixtures 
containing dolomitic stone sand as fine aggregate. However, four of 
the compressive strength curves shown in Fig. 5 (data from Table 2) 


are for concrete containing natural sands. Table 5 contains further 
data on the comparative placeabilities of concretes made with these five 
sands, the coarse aggregates in this case being crushed dolomite, 34 to 
14% in. The placeability curves for these mixtures are shown in Fig. 12. 
Bearing in mind that all these concretes have the same low cement 
content and the same water-cement ratio, quite some differences are 
shown in the effects of the different sands. The data indicate that the 
combined effect of particle shape and surface texture have a considerable 
influence on the workability of concrete of this character. It is probable 
that in richer mixtures the properties of the sands which affect work- 
ability as here shown would have less relative significance. 


The effect of grading of the total aggregate on the compressive strength 
of concrete, when the former is varied over the entire practicable range, 
is shown in Fig. 13. The data are for concretes containing sands A and 
Ek, Table 2. The appearance of the curves suggests that the variation in 
strength due to change in grading is somewhat proportional to the 
quality of the concrete produced. It would follow that as quality is en- 
hanced by a superior aggregate, it would be necessary to maintain 
closer control over proportioning for maximum benefit. 
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SUMMARY AND CONCLUSIONS 


Most of the studies reported herein would be generally related to mass 
concretes, of low cement content and low to zero slump. They were aided 
very materially by the device which measured the relative placeability 
of low and no-slump concretes. It indicates that consistency or work- 
ability in this region varies as much, relatively, as in concretes suitable 
for hand placing. This device helped to emphasize that water-cement 
ratio was only one of the factors governing strength, and that place- 
ability as affected by the grading and other properties of aggregate was 
possibly even more significant. 


While this effect of consistency or relative water content has not been 
widely recognized in concrete design, the Series X-1, involving concretes 
of zero to 6-in. slump, show distinctly that consistency has an important 
effect upon strength, and that the effect is more marked as the slump is 
reduced. Carried on into the region of zero slump, consistency, or per- 
haps we should now say, placeability, has almost a predominating 
influence, as many of the diagrams show. The experience suggests the 
possibility of refinements in mix design, particularly for concrete of 
vibrating consistency. 


Another factor is that smooth and rounded aggregate in low slump 
concrete has no advantage that can be attributed to lower water require- 
ment for given workability, over rough, angular material, without 
proper consideration of the relative structural qualities (strength). 
Many times the latter exhibits higher compressive strength, even though 
higher water ratio is required to provide equal workability. 


Studies of this nature also invite new consideration of an optimum 
grading of aggregate — possibly of lower maximum size and higher in 
fines than orthodox theory has demanded. Placeability would be en- 
hanced by reducing the average diameter of the aggregate particles. Void 
spaces in the aggregate prior to compaction would tend to be smaller 
and more uniformly distributed. Vibratory force for compaction should 
act more quickly. The films of paste between the aggregates would be 
thinner, and, in the opinion of many, form a more efficient binder. 


If one can accept the idea that greater efficiency of cement and higher 
quality of concrete lie in the drier consistencies, and that aggregate 
of the lowest surface area, and the lowest water cement ratios, are not 
always criteria of the best concrete, he will have the gist of this paper. 


The following conclusions are offered as a basis for further study: 


1. For each aggregate or set of aggregates of given maximum size, 
an optimum gradation exists which will provide highest workability in 
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concrete when the cement and water contents are constant. Departure 
from this optimum toward either the finer or coarser gradations will 
require a greater quantity of mixing water to maintain equal workability. 
Such increased mixing water will result in loss of strength. With aggre- 
gate of uniform quality, the gradation producing maximum workability 
will also produce maximum strength. 


2. The total water content, per unit volume of concrete, required to 
provide equal. consistency with given aggregates varies with the paste 
content and must be increased as the mixtures become richer. 


3. The consistency of the mixture has an effect upon the compressive 
strength of concrete which is not governed by the water cement ratio 
when used to designate all relative proportions of water and cement. 


4. An appreciable difference in the concrete making qualities of aggre- 
gate can exist. It would appear that these qualities are developed 
to a greater extent (within limits) as the general quality of the concrete 
is improved. 


Grateful acknowledgment is made to J. C. Pearson, Director of Re- 
search, Lehigh Portland Cement Co., for his assistance in reviewing 
this paper, and for supervising the freezing and thawing tests reported 
in the Appendix. The freezing and thawing test program was made 
possible through the courtesy and facilities of the Lehigh company. 


APPENDIX 


Series X-1 of the foregoing paper included sufficient 3 x 6-in. cylinders to permit 
freezing and thawing tests to be made of five specimens of each mixture. The age of 
these specimens at the beginning of the test was three months. They were prepared 
for test by sawing one inch from each end and then treating the vertical surface by 
rolling in acid and brushing until all cement skin was removed. They were soaked in 
water for four days and then weighed in saturated surface dry condition. These weights 
were taken as the initial weights of the specimens. Subsequent weighings were made 
in similar manner, that is, in saturated surface dry condition, and the losses in weight 
from frost action were taken as the differences in these saturated surface dry weights. 


The specimens were frozen daily in air (in saturated condition) at 0 F. to minus 5 F. 
from about 9:30 a.m. to 3:30 p.m. and again during the night. They were thawed in 
water at room temperature in the early morning and again in the late afternoon. Nor- 
mally 11 cycles of freezing and thawing were secured per week, but this was frequently 
altered by shutdowns, holidays, ete. 


Regular weekly weighings of the cylinders were not started until visible losses were 
observed. In many cases the losses became irregular as the cylinders approached 
failure, and it was difficult to assign failure to a definite number of cycles. 


The wide range in losses of weight for a given number of cycles in the stronger groups 
suggests that the small cylinders are susceptible to variations in casting, etc., which 
cause relatively large differences in apparent durability of similar specimens. Losses 
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of the order of 10 per cent were recorded in some cases with no indication of disinte- 
gration. On the other hand, there were suggestions of breakdown after losses of 2 or 
3 per cent up to 15 per cent or more. 


In general, the condition of the cylinders was checked by weekly weighings and by 
photographs until complete breakdown occurred or up to the end of the test program, 
which was stopped at 850 cycles. 


Many specimens of the stronger groups did not register complete failure at the end 
of the program. The strongest group (DDDD) lost but an average of 3.84 per cent 
during the entire period. All specimens of the group containing the leanest mixture 
(A) disintegrated between the 38th and 48th cycles. 


Discussion 


Table A gives essentials for understanding the analysis of the test results: 























TABLE A 
| | 

: Cycles at 100 g. Loss Bbl. | 3 Mo. 
Mix \ —| C/W, | Cement | Compr. 
by per | Slump Str., 
1 2 3 4 | 5 Ave. | Wt. Cu.¥d. | In. | p.s.i. 
es oct RBar SE Bcc 
A 21 29 | 21 34 | 28 27 | .588 .50 | 544 | 830 
B 69 60 | 57 62 | 65 63 | .86 75 534 1550 
C| 102 113 | 408 114 | 247 197 | 1.10 1.00 | 6 | 2560 
D 176 209 | 533 | (890) 252 412 1.37 1.25 6 | 3480 
DD| 207 | (1080) 410 | 426 617 | 548 1.47 1:25 | 4 | 4400 
DD (1350) 443 714 (930) | 741 | 1.58 1.25 2 | 5410 
DDDD | (1190) | (1530) | (1200) | (1480) | (1610) 1402 | 1.88 1.25 0 | 6730 
392 639 388 | (1350) | 557 | 665 1.61 1.50 6 | 4290 
F| 425 807 | (980) | (1010) | (1150) | 874 | 1.85 1.75 6 5160 
G| 552 622 | (1500) | (1610) | (1520) | (1155) | 2.08 2.00 | 6 6040 

| | | 





As previously mentioned, a considerable number of the cylinders survived the 850 
cycles of freezing and thawing. In order to get a numerical rating for the life of the 
specimens, an arbitrary scheme was adopted. An end point of 6 per cent loss (70 grams) 
obviously penalized the more resistant groups. A 10 per cent loss (115 grams) was 
somewhat greater than the maximum loss of any of the specimens which did not fail 
in 850 cycles. This end point was quite promising, especially when the surviving 
cylinders were rated by an amount proportional to the difference between 115 grams 
and their actual losses. However, an estimate of durability on this basis involved such 
a degree of extrapolation for the loss curves of the highly resistant DDDD group that 
it seemed best to drop back to a more conservative basis and a 100 gram loss was finally 
adopted as the end point. There were three cylinders: DD-5, DDD-4, and F-2, which 
ran about 100 grams loss without signs of approaching failure, and these were definitely 
penalized by the scheme. For the remaining sixteen cylinders, life-cycles were calcu- 
lated simply by adding 10 cycles for each gram loss short of 100. This would penalize 
some, and perhaps favor some of the most resistant, but it seems to be about as fair 
an estimate as could be made from the data. 


The life-cycles given in parentheses in Table 4 were derived in this manner. The 
average number of cycles for each group, as given in the seventh column of the table, 
were then taken as representing the durability of the specimens. These values, together 
with the 3 mo. compressive strengths, are plotted against C/W values in Fig. A. They 
could have been plotted vs. W/C values, as in Fig. 4 of the paper, but the divergence 
of the two branches of the curves is more readily appreciated in the C/W diagram. 
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Keeping in mind that the method of rating the resistance to freezing and thawing 
can at best give but probable values, it is interesting to observe that the strength and 
durability curves have similar characteristics. In other words, durability, like strength, 
seems to be markedly improved by drier consistencies, regardless of cement content 
and cement water ratio. Fig. A also shows that the slopes of the two branches of the 
durability curve are somewhat greater than those of the two branches of the strength 
curve, which may be taken as an indication that durability is benefitted to an even 
greater degree than strength by the use of the drier consistencies. 


Whether one considers that the foregoing scheme of analysis is justified or not, there 
is no question that the DDDD group of cylinders at the end of the test had suffered less 
damage than any other group — even in the G group two of the cylinders had failed. 
This means that the concrete containing 1.25 bbl. of cement per cubic yard with a 
water-cement ratio of .53 and a slump of zero was definitely more resistant to freezing 
and thawing than the concrete containing 2 bbl. of cement per cubic yard with a water- 
cement ratio of .48 and a slump of 6 in. 


Fig. B, C and D are offered as assistance to the reader if attempt is made to under- 
stand the broad interpretation placed upon these test results. Fig. B is shown mainly 
to afford opportunity to visualize the condition of Group A at the weighing imme- 
diately prior to failure. Fig. C shows the condition of the D groups at the termination 
of the program. This figure presents a picture which shows not only the excellent 
condition of the DDDD group, but also gives evidence of the wide spread in the indi- 
vidual test values. In the DD and DDD sets, three and two specimens, respectively, 
have been completely disintegrated, which resulted in their removal from the picture. 
The remaining specimens show but slight loss. Fig. D shows the condition of the 
E, F, G groups at the end of 850 cycles. Group G registers complete disintegration of 
two specimens with the remaining three practically intact. 


Conclusion 


The analysis of these results is intended to serve two purposes. The first is to indi- 
cate that the resistance to freezing is influenced by the water-cement ratio. In accord- 
ance with this relation, slight durability can be noted for the concrete of low cement 
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content which possesses relatively high W/C. If the analysis is accepted, it is obvious 
that, regardless of compressive strength, the minimum cement content for exposed 
concrete should be based upon durability rather than minimum compressive strength. 

The other purpose is to call attention to the data which are interpreted to show 
that evaluation of the respective losses in the stronger mixtures tends strongly to sub- 
stantiate the same effect of consistency upon quality as indicated by the compressive 
tests of similar mixtures. They indicate that the consistency has an effect upon con- 
crete quality which is not taken into account in the orthodox method of water-cement 
ratio application. 
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Fig. B (upper left)—Condition of 
groups A, B, C, D, (noted from bot- 
tom to top) at end of 38 cycles at 
freezing and thawing. 


Fig. C (up right)—Condition of 
roups D, DD DDD, DDDD, (noted 
rom top to bottom) at end of 850 

cycles of freezing and thawing. 


Fig. D (lower left}—Condition of 
groups E, F, G, (noted from top to 
bottom) at end of 850 cycles of 
freezing and thawing. 


Discussion of this paper should reach the ACI Secretary in triplicate 
by Mar. 1, 1942, for publication in the JOURNAL for June, 1942 
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Discussion of a paper by G. W. Hutchinson: 


The Influence of Vibration, Consistency, and Grading 
of Aggregate Upon the Design of Concrete” 


DISCUSSION BY C. H. FORESMAN, C. A. G. WEYMOUTH and MR. HUTCHINSON 
By C. H. FORESMAN T 


Mr. Hutchinson’s paper presents some interesting and informative 
data. The conclusions are properly his own but it occurs to me that a 
discussion, based on investigations of mine, might throw a different light 
on his interpretation of the results. 


In connection with the water-cement ratio, it would be well to remem- 
ber that it does not furnish any absolute values for the strength of con- 
crete. The W/C-strength relationship is definitely qualified by the 
phrase “other conditions being the same’. Any change in any of the 
ingredients other than the water and the cement will set up a new W/C- 
strength relationship. In Series X-1, Table 1, Mr. Hutchinson has made 
such a change in each of the mixes by changing the amount of fine dolo- 
mite. 


Mr. Hutchinson does not furnish any information about the fine 
dolomite other than that it passes a 100-mesh sieve. Since he has used 
it in the nature of a blend with cement rather than as an aggregate, it 
may be assumed that it was at least as fine as the cement. Much of the 
strength of concrete comes from the contact of cement crystals formed 
during hydration. The crystals and gel bond with each other and with 
particles of aggregate or other inert material in the mix. Water in excess 
of the amount necessary to hydrate the cement reduces the strength be- 
cause it separates the crystals. When inert material finer than cement is 
added to the mix it tends to do two things: (1) fill the natural voids in the 
cement or between the cement particles (thus providing additional 
contact) and (2) decreases the amount of water per unit volume of con- 
crete necessary to maintain a given degree of workability. The latter 


*ACI Jounnat, Sept. 1941; Proceedings V. 38, p. 9. 
tConcrete Engineer, Board of Public Education, Pittsburgh, Pa, 
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is accomplished by displacement of some of the void filling water, allowing 
a greater percentage of the total water to be used for lubrication or mobil- 
ity. This is true up to an optimum ratio between the dolomite and the 
cement. If the ratio is further increased it may be necessary to provide 
additional water to fill the voids in the dolomite. Certainly there will 
be an increasing amount of contact between dolomite and dolomite 
which, because of the absence of cementitious value would result in 
decreased strength. If the structural value of the flour is good; if it 
bonds well with cement particles; if the grading of the flour is such that 
the voids in the cement range will be reduced without contact of non- 
cementitious particles; or if the flour is cementitious in itself there may 
be no reduction in strength. Some materials may even show an increase 
in strength at the proper ratios between the flour and the cement. In 
most. cases, however, some reduction in strength may be expected but 
generally the total amount of water necessary to maintain a given slump 
is reduced. (See Table 1) 


In the matter of gradation of aggregates, Mr. Hutchinson has, I believe, 
correctly interpreted the results of the tests as far as they go. His tests, 
however, are not sufficiently extensive to cover the full range of possi- 
bilities. He has used five sands of different grading (and a sixth of 
the same grading as one of the others but with differently shaped par- 
ticles). With a fixed amount of cement paste of a definite water-cement 
ratio and using placeability as a measure he determines that there is an 
optimum combination of each one of these sands and a more coarse 
material of fixed grading. In that he is correct. 


My own investigations were made for the purpose of obtaining a 
gradation of aggregates that would produce a concrete of given char- 
acteristics (strength being only one of the qualities) with a minimum 
cement content. It is natural that, as far as the investigations were 
similar, the results would be the same. I believe, however, that my 
investigations were in some respects more extensive than his and that 
a brief statement of my conclusions might be helpful in the interpretation 
of his results. 


The details of my investigation may well be omitted but the con- 
clusion reached is that there exists not only an optimum relation between 
the separated sizes of aggregate, but that there is also a maximum 
relation—one that will produce a maximum absolute volume of aggre- 
gate. I have expressed this relation as a Grading Ratio (between one 
separated size and the separated size next above). The maximum 
Grading Ratio is seldom practicable in actual construction. It is useful, 
however, in determining variations between the various sizes. Reduction 
in grading ratio because of a reduction in absolute volume (increase in 
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voids) increases the amount of cement paste necessary to embed all of 
the aggregate particles, but it also increases workability in the sense 
that the concrete is more easily handled and there is less tendency for 
the coarse particles to segregate while the concrete is being placed. It 
follows that the optimum grading ratio is a balance between workability 
and economy in materials. 

A mix of better body and greater economy in cement will be obtained 
if the proper proportions of all the sizes from the cement range to the 
maximum size suitable for the work in hand are used. Now, however, we 
hear much about so-called “gap’’ gradings. Gap gradings probably 
originate in the lack of certain sizes of aggregate. Gap grading ratios 
are as readily obtainable as full grading ratios and, of course, may be 
used when expedient. Mr. Hutchinson uses such a grading in his tests. 

Mr. Hutchinson uses workability to determine the proper amount of 
3¢ - 34-in. material to be used. It will be noted that maximum place- 
ability occurs at different combinations with the different sands. These 
sands have different gradings and it is natural that the best combinations 
with a larger size aggregate would not be the same. Of particular interest 
is Table 3 where he used sands of the same grading but with particles of a 
different shape. The shape of the particles affects the grading ratio, 
hence it would be expected that the optimum combination with the larger 
sizes would be different. 

In this connection, Mr. Hutchinson mentions ‘‘what would ordinarily 
be regarded as over-sanded mixtures”. Because of an arbitrary separa- 
tion of aggregates at about a No. 4 sieve, it has become customary to 
regard the materials above and below this sieve as entirely separate and 
different entities. The large and small particles may differ in many 
respects but so also do the particles within the range of what is called 
one aggregate (fine or coarse). There is, in actuality, no such thing as 
an over- or under-sanded mix; there is merely an excess or deficiency of 
certain sizes within the total range. Much of the difficulty in com- 
prehending the proper design of a concrete mix would be eliminated if 
the “fine and coarse aggregate’’ fixation were removed. 

Mr. Hutchinson in Fig. 5 plots from data in Table 2 strengths against 
fineness modulus. His charts show the strength is not dependent on either 
a high or the same fineness modulus. The answer is that the fineness 
modulus is not a good measure of the grading of an aggregate. It grossly 
exaggerates the larger sizes. To be properly used, there should be a 
series of fineness moduli—one for the material below each sieve. When 
this is done the fineness modulus becomes a jumble of multiplications 
of the percentages of material between the various sieves. The simple 
thing to do is to examine the grading by individual sizes, bearing in 
mind that here does exist a proper ratio between them. 
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With reference to the compressive strengths obtained, Mr. Hutchinson 
has not stated the absolute volume (percentage of voids) of the combined 
aggregates. It is likely, however, that in some of the mixes the actual 
volume of voids exceeds the volume of cement paste. Lack of sufficient 
paste to fill the voids in the aggregate would act the same as an excess 
of water—it would prevent contact (bond) between the cement particles 
or between the cement and aggregate. The strength of the concrete will 
follow the absolute volume of the aggregates up to the point where the 
volume of aggregate voids equals the volume of the cement paste. Be- 
yond that point, the strength, except as influenced by the structural 
value of the aggregate particles and by other and minor characteristics 
of the aggregate, will remain constant as long as the water-cement ratio 
is constant. 


I am deeply indebted to Mr. Hutchinson for this series of tests since it 
furnishes independent confirmation of the conclusions I drew from my 
own investigations. I would be glad to know if this discussion has in 
any way influenced his interpretation of his own results. 


By C. A. G. WEYMOUTH * 


This paper is one of the most important contributions, in recent times, 
of test data on concrete mixes. It provides accurate information for 
checking theories of concrete mix design, but in view of the amount of 
work involved, Mr. Hutchinson wisely leaves this correlation to those 
especially interested in such theories. The writer finds that these data 
provide a striking confirmation of his own general theory of mix design 
and establish definite values for some of the criteria for jump grading 
which has been questioned. 


This method makes use of the “relative density of the size-group”’ 
which permits the calculation of the average spacing in the mix of the 
particles of any diameter. The theory for workable mixtures requires 
that the clear distance between particles of any size shall be equal to, or 
larger than, the particles of the next smaller size which are present in 
appreciable quantity, and that a smaller clear distance causes particle 
interference and unworkability. Values of the relative density com- 
puted by the writer’s formula for this critical clear distance are given in 
Table D. Another phase of the theory involves the size of the void 
pocket of the size-group as a criterion for plastic suspension of the aggre- 
gate in the mix. Doubt has been expressed by some writers of the 
adequacy of these criteria as applying equally to conditions of con- 
tinuous, Jump, or semi-jump gradings. It has been thought, for example, 
that the critical magnitude of the relative density should vary with the 


*Raymond G. Osborne, Bureau of Tests and Inspection, Los Angeles. 
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amount of material in the size-group having the next smaller diameters. 
It will be seen, however, that these data provide a satisfactory solution. 


Since the fineness modulus is given in most of the tables and figures of 
the paper, the writer’s first study was made to see how well these data 
fulfilled Duff Abrams’ theory of mix design. For this purpose those 
mixes which have the shortest placing time or indicate a critical com- 
pressive strength are interpolated and listed in Table A. Values for 
Abrams’ “mix’’ are estimated from the cement contents and the F.M.- 
values are taken from Table 3 of his original Bulletin No. 1, ‘“‘Design of 
Concrete Mixtures.’”’ Upon comparing the fineness moduli obtained by 
experiment with the tabular values, it is seen that in some of the mixes 
the agreement is remarkably close. In general the best correlation is 
given with those aggregates which have the material graded evenly in 
the largest number of size-groups. Sands C, D, and E, and the %4-in. 
stone, all have large concentrations in one or two groups and their con- 
cretes provide poor agreement with Abrams’ table. To find reasons for 
this disagreement, one must search further into Abrams’ fundamental 
ideal for workable mixes: “the aggregate grading should not be too 
coarse for its maximum size and for the amount of cement used.’”’ Ab- 
rams recognized that the fineness modulus of the combined aggregate is 
too broad a function to make fine distinctions of whether some parts 
of the grading might be too coarse for its matrix, and he sets up the 
requirement that the sand portion of the mix should not be too coarse 
for best results in concrete mixtures: the sand-cement ratio must also 
comply with the table for fineness and maximum size of the sand. 


The writer accepts Abrams’ ideal for workable mixes by defining “too 
coarse” as a condition applying to any size-group of the combined 
grading which is concentrated in such amount that it causes particle 
interference with its matrix. In place of fineness modulus he uses the 
relative density of the size-group to limit this concentration. When 
any size is crowded into a mix until the pieces are too close to permit 
free movement of its matrix as the concrete is placed, some of the finer 
clements become separated from the coarse, a form of internal segrega- 
tion which increases the voids in the paste. The amount of cement used 
must be thinned with additional water or take on air to fill the void 
structure of the segregated portions and a decided loss of plastic quality 
results. 


A study of a typical series of concretes analyzed by the relative den- 
sity method is given in Table B. The values of this function exceeding 
the limits given in Table D are italicized to indicate the presence of 
particle interference. In the undersanded mixes the 34 to 1%-in. 
group dominates the mix while the No. 30 to 16 group dominates in the 
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oversanded concretes. It will be seen that particle interference de- 
creases from both sources as the proportions approach those of Mix 4 
which has the least combined excess relative density. In the example 
no proportion entirely eliminates particle interference. Considered as a 


TABLE A—FINENESS MODULUS THEORY 


F. M. from Test Data 
Max. | Bbl. | W/C | Duff Abrams 


Nos. | Sand Size per by |— Maximum Maximum Placeability 
in. | Yard,| Wt. |*Mix’’|F. M.| Strength Workability Seconds 

1 A 114 1.00 | 0.70 | 6.7 | 5.08 5.10 6.5 
2 B 1% 1.00 | 0.70 6.7 | 5.33 5.31 4.0 
3 | C {1% | 1.00/ 0.70} 6.7 | 5.33 5.59 9.5 
4 | D/1% /|1.00/0.70| 6.7 | 5.33 5.52 ej 
ee ie 1% 1.00 0.70 6.7 | 5.33 5.42 9.6 
6 A 34 0.95 | 0.838 7.1 | 4.25 :.3 4.65 6.5 
ij A % 1.20 | 0.62 5.6 | 4.41 4.73 4.83 9.0 
8 A 34 1.25 | 0.62 5.3 | 4.46 4.52 4.87 6.0 
9 A 34 1.75 | 0.46 3.5 | 4.85 4.9 4.97 8.0 
10 B 34 1.20 | 0.62 5.6 | 4.66 4.91 . 
11 F 34 1.20 | 0.69 5.6 | 4.10 4.94 4.94 11.0 

12 & 15} C 34 1.20 0.62 5.6 | 4.66 4.80 5.46* 

13 & 16 D 34 1.20 | 0.62 5.6 4.66 4.42 5.43* 

14& 17) E 34 I. | 0.62 5.6 | 4.66 4.43 5.31° 


Numbers refer to those listed in Table C. 

*These values estimated for optimum sand percentage judged by relative densities of 
the dominant size-groups of sand and stone. 

“Mix” estimated by means of Fig. 6 in “Design and Control of Concrete Mixtures,” 
P.C.A. Sept. 1924. Abrams’ F.M. are interpolated from Table 3, “Bulletin 1, Design 
of Concrete Mixtures” by Duff Abrams, Structural Research Laboratory, Lewis Insti- 
tute, Chicago, 1918, with indicated corrections for shape of particles. 


TABLE B—VARIATION OF RELATIVE DENSITIES 


Sand A with %-1'%-in. Stone 


| Size-Groups 


No. | No. | No. No. No. No. 3% 34 
fm. Ratio a b |—100! 100 | 50 30 16 8 t to to 
| to 50 | to 50) to 16) to 8 | to 4 to 4%") 34"| 11%" 





Relative Densities 
Sand Grading... .. : ...-.115% | 9% | 12% | 21% | 23% | 2% 
Stone Grading...... ’ 0% | 30%) 50% 





6.11 - Ow .2382| .542) .134) .074; .090) .136; .129) .100) .000| .372) .271 
76 .310| .464) .172) .093) .110; .161, .150) .116; .000) .303| .232 
§.19 | 5:5 .387| .387) .204) .110) .126) .182)| .166) .127; .000) .240, .193 


Qn rk WN eH 


(5.10) .... | .401  .373) .209) .11]) .129) .185  .168 128) .000 .230 . 186 
| 4.70 | 6:4 | .464 .310) .234) .124) .142) .198 .180) .135)_.000 .183 .155 
4.27 | 7:3 | .542) .232, .263) .138) .154) 213) .189) .141|_.000 .131 116 











VIBRATION, CONSISTENCY AND AGGREGATE GRADING 28-7 


problem in concrete mix design, this can be made to disappear by in- 
creasing the cement content, or by changing the grading of both the 
coarse and the fine aggregates slightly. 

The curves of Fig. 12 show this characteristic: a decrease in place- 
ability when the relative densities are increased in either the coarse or 
the fine aggregates from the low points. 

The method of computing relative densities is illustrated in Table F.* 

The optimum mixes of all the series are given in Table C. Under the 
relative density of each dominant size-group is the corresponding limit 
from Table D and the ratio of the two is shown on the line below. This 
table tells a plain story of the dependence of the character of a mix upon 
the concentration of its dominant size-groups, but some features need 
special comment. 


Mixes 1 to 5 prove that the optimum proportions for placeability are 
obtained when the particle interference of the dominant groups in the 
fine and coarse aggregates just balance. These mixes could be improved 
as explained above by eliminating particle interference. When the 
gradings are such that this can be done, the optimum mixes confirm 
the tabular values of Table D as the limiting condition. Mixes 7, 10, 
and 11 give close agreement for continuous grading of the dominant group 
in the sands, and since the sands balance the stone, the value of about 
0.356 must be taken as the limit of the relative density when the group 
heads a jump grading with a gap of two groups. Evidently a larger 
amount of stone would cause particle interference. Yet Table D gives 
0.407 as the theoretical value for the limit of particle interference. This 
value requires that the spacing of the particles be even. It is evident, 
however, that if the suspension of the particles is poor heavy pieces will 
concentrate unevenly causing local particle interference. In these tests 
the relative density of the stone must be made small enough so that the 
pieces after settling will not exceed the concentration of 0.407 at the local 
points of congestion. Attention has been called to the poor suspensive 
power of jump gradings in several of the writer’s publications, and the 
need to reduce the limit below that computed by the formula. 

These data also provide information on the amount of material which 
may be included in the gap of a jump grading without causing a change 
in this classification. There is no material in the No. 4 to 3¢-in. group 
and the question arises, how much may remain in the No. 8 to No. 4 


*The values computed by the writer are based on the following: The air content is neglected; the specific 
gravity of the natural sands is taken as 2.65; the shape of the grains is difficult to judge from Fig. 1, and 
d.- values are assumed for sand A and reshaped stone,0.580; for Sands B, C, D, and FE, 0.650; Sand F, 
0.510. All interpolations are made from the curves plotted by the author, except Curve A in Fig. 12; 
replotting this disclosed that the point for the 5:5 mix should be discarded to give a smooth curve through 
the other points. Inaccuracies in these assumptions will not change the general picture. 

For further information on particle interference see the list of published papers given in the footnotes 
on pages 296-1 and 206-2, ACI Journat Supplement, Sept. 1940, Proc. V. 36, in discussion of a previous 
paper by Mr. Hutchinson. 
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group and permit the grading to function as a jump with a gap of two 
groups? Mixes7 to 11 contain from 12 to 22 per cent in the second smaller 
size. Mix 6 contains 26 per cent. The latter concrete, however, shows 
a much smaller limit, 0.325, for its stone balance indicating a single 
gap in the grading. The writer has heretofore used 20 per cent as the 
limit of the ‘‘inappreciable’’ amount that may remain in the gap but it 
is here shown to lie between 22 and 26 per cent. 


Attention is next directed to Mixes 1, 6, 8, and 9. In these the No. 
30 to No. 16 group is not the one which balances the sand against the 
stone. It is likely that this balance is due to the material in the No. 200 
to No. 100 group. The amounts that come to this group from the fines 
in the sands and from the coarse portion of the cement cannot be com- 
puted from the data given. Undoubtedly some of the sand marked 
“minus No. 100” passes the No. 200 sieve. In Mixes 6, 8, and 9 the 
fines from the sand decrease but this is apparently compensated for by 
the increase in plus No. 200 material as the cement increases from 0.95 
to 1.75 bbl. per cu. yd. 

The last six mixes of Table C afford interesting data on the relation of 
compressive strength and particle interference, and illustrate the influ- 
ence of stratification. Mixes 12 to 14 are interpolated for maximum 
strength from Fig. 5. Mixes 15 to 17 are estimated to give the optimum 
sand balance for shortest placing time and the least particle interference 
in the combined aggregate. The wide difference in fineness tnoduli of 
these two sets of optima requires an understanding of the forces of tem- 
porary suspension in concretes. Some writers consider this suspension 
to be almost wholly dependent upon the amount of surface area of the 
cement in the mix. Yet in many of these series where the cement is 
constant, there is a wide contrast in suspensive quality. 

This writer attributes the property of suspension to a proper structure 
throughout the mix, in which the void pockets of each size must be small 
enough to hold their matrix. Not only must the fines in the cement sub- 
divide the water and trap it in compartments small enough to retain most 
of it, but the sand must also subdivide and trap the cement paste before 
the mortar can suspend the heavy pieces. * 


Sands C, D, and E are all poorly graded for the amount of cement in the 
concretes. Their fines, which might otherwise form the small pockets 
needed to trap the paste are entirely insufficient to overcome the disrup- 
tion of good structure caused by their high degree of particle interference. 
Consequently the maximum strengths are in mixes with smaller amounts 
of heavy pieces to be suspended than possible for optimum workability, 
and with further oversanding the strengths fall off rapidly. In contrast, 


*For an outline of the writer’s theory of plastic suspension see page 1016 Proc. Vol. 41 A.S.T.M. 1941. 
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oversanding with Sands A, B, and F increases the fines faster than the 
increase in particle interference and without disturbing the suspensive 
structure; the compressive strengths of their concretes remain horizontal 
to the left of the point of optimum mixtures. 


TABLE D—CRITICAL SPACING OF SIZE-GROUPS 


By formula for clear distance, t, between particles 


ie 


Dry-Rodded Voids da, Values of Relative Density 
Kind of Grading 
Shape of Agg. Solid | Voids | Voids 
Vol. in per Con- Groups in Gap 
d, Unit cent tinu- 
Vol. ous l 2 3 | 

Diameter of Dominant Group .....|...... D D D D D 
Next Smaller Diameter... . . sue 14D 44D KD 7, D ‘;D 
Nearly Round... 0.650 0.350 35.0 | 0.192 | 0.333 | 0.457 | 0.541 0.594 
Sub-angular......| 0.615 | 0.385 38.5 | 0.182 | 0.312 | 0.432 | 0.515 | 0.565 
Broken, Cubical. 0.580 | 0.420 42.0 | 0.172 | 0.297 | 0.407 | 0.484 | 0.530 
Broken, Disklike 0.550 | 0.450 45.0 | 0.163 | 0.282 | 0.387 | 0.458 | 0.503 
Crushed Splinters.| 0.510 | 0.490 19.0 | 0.151 | 0.261 | 0.357 | 0.425 | 0. 467 


Corrected values because of poor suspension with gap gradings and settling of coarse 


particles in medium concrete used in tests under dis- 
cussion for the broken cubical stones... . 


Values above........ 0.297 | 0.407 | 0.484 | 0.530 
Reduction. . ; 5% 12144%| 15% 20% 
Corrected values 0.282 | 0.356 | 0.412 | 0.424 


For wetter consistencies the values for gap gradings should be reduced from 5 per- 
cent to 10 per cent more than with medium consistencies. 
TABLE E—SIEVE ANALYSES 
Interpolated from Fig. 2 


Sands F, M. Minus No. 100) 100-50 | 50-30 30-16 16-8 8-4 


Percentages in Size-Groups 


A, F 2.88 15 9 12 21 23 20 
B 2.88 | 8 34 26 20 11 
C 2.88 3 10 23 35 IS 11 
D 2.34 8 17 33 23 11 8 
» 2.12 5 22 34 34 5 0 

Coarse Agg. F. M. No. 4-%% in, 34-34 in. ¥4-1'5 in. 

8% in. 7.00 0 100 0 
11% in. 7..50 0 50 50 
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TABLE F—METHOD OF COMPUTING RELATIVE DENSITIES 
Data: Sand A with 34 to % in. reshaped stone. 
Bbl. per cu. yd., 1.20, gives c =0.085, 
W/C, by wt., = 0.62, or w = 0.167 


Unit paste: c + w = 0.252, hence unit absolute volume of aggregate is, 
a+b 1.000 —- 0.252 = 0.748. 
F, M. is 4.83, and the ratios of aggregates is 5.25 to 4.75, and a = 0.392, 


b 0.356. 


Size-Groups 


No. 100; No. 50 | No. 30 | No. 16) No. 8 | No. 4 36 in. 
Minus | to to to to to to to 
No. 100} No. 50 | No. 30 | No. 16; No. 8 | No. 4 | 3% in. | % in. 





Analyses of aggre- a 0.392 b 0.356 
ages 15% 9% 12% 21% 23% 20% 100% 
Absolute volumes 059 035 017 O83 090 O78 000 356 
Relative spaces 311 346 883 476 . 566 644 644 1.000 
Relative densities | .190 101 120 174 159 121 .000 356 
Table DD limit 172 356 


Absolute volumes are distributed to size-groups according to sieve analyses. 

Each relative space is obtained by beginning at the right, subtracting 0.356 from 
unity and setting this remainder to the left and thereafter subtracting the abs. vol. from 
the relative space under it to give the space available to the particles at its left. 

Each relative density is the ratio of the absolute volume to the relative space in the 
same column. Those italicized are dominant. 


Underscoring represents a jump grading with two groups in the gap. A jump grad- 
ing occurs for the group when the sum of the material in the group, or groups, to its 
left is less than from 22% to 26% of its absolute volume. Thus, in this example, 0.078 

0.000, or 0.078, multiplied by 4 gives 0.312, which is less than 0.356. 


It should be noted that the cohesive quality of these mixes is put to a 
severe test by the manner in which the compressive test cylinders were 
made. They were compacted by vertical jigging. Each drop of the vibrat- 
ing table tended to settle the solids to an arched condition after which 
stratification of the cement could proceed. It is this stratification, as 
T. C. Powers has shown, which causes loss of strength for a given water 
cement ratio. The placeability tests, on the other hand, were made by 
horizontal vibration and more nearly agree with compaction in field 
practice. 


It seems that the variation of strengths with consistency, noted by the 
author and shown in Fig. 3 and 4, can be attributed in part to this type of 
cylinder fabrication and in part to the greater facility for settling of solids 
in a wetter mix. 


CLOSURE BY G. W. HUTCHINSON 


Mr. Foresman’s interpretation of the water-cement ratio law, that ‘‘any 
change in any of the ingredients other than the water and cement will set 
up anew W/C-strength relationship” is to restrict the application of the 














28-14 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE June 1942 


law much more than is commonly done in practice. For example, a 
change in gradation of the aggregate should not upset the relationship, 
provided the mixture remains workable. Therefore the interchange 
between cement and —100 mesh dolomite, indicated in Table I of the 
paper should not require a different W/C-strength relationship, according 
to common interpretation. However, the data of the Table as plotted in 
Fig. 4 indicate that consistency has an effect apart from W/C. 

The — 100 dolomite consisted of aggregate regardless of the fact that it 
contributed to what would ordinarily be called the “paste’’ portion of the 
mix. It was coarser than the cement. It would be a part of the ‘“aggre- 
gate range” referred to by Mr. Foresman. As regards discussion of grada- 
tion of total mix—the cement would also have to be included. 

The nature of these investigations suggest classification as to “‘fine’’ 
and “coarse” aggregates to make the data more easily understood. The 
term “undersanded” immediately pictures the relative general condition to 
which reference is made. 

Mr. Foresman states that “The strength of the concrete will follow the 
absolute volume of the aggregates up to a point where the volume of the 
aggregate voids equals the volume of the cement paste. Beyond that 
point, the strength . . . will remain constant as long as the Water Cement 
Ratio is constant.” This statement may seem to find confirmation in Fig. 7 
of the paper, but the point which the data there plotted were designed to 
emphasize is that there is an optimum degree of placeability for a definite 
gradation, and departure either way from this optimum requires an 
increase in W/C (or a decrease in aggregate volume) to maintain equal 
placeability. 

The author is indebted to Mr. Weymouth for his interest and analysis 
of the data presented in the paper. He predicates his analysis upon the 
fact that particle interference is the cause of decreasing the placeability 
of concrete where the author infers its probability at the top of page 22 
in the paper. As stated by Mr. Weymouth, correlation of the data with 
respect to any theory governing aggregate gradation would be precluded. 
In outlining the investigations, the possibility of such correlation was not 
considered. 

Stratification of material would be a possibility in placing concrete 
either in cylinders or in the field and by any means. It is felt that this 
action was not exaggerated when casting the specimens represented by 
Fig. 3 and 4. 

With regard to the stone sand (A) used on the project, it was economi- 
cal to use the natural gradation in the sizes above the No. 100 sieve with 
only such changes as would not cause waste, and to then improve place- 
ability by the judicious use of the material passing the No. 100 sieve in 
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lieu of wasting this and increasing the cement content. Various other 
tests, including some in the former paper, “Concrete Aggregate Develop- 
ment on the Claytor Hydro Project,” indicated that placeability, com- 
pressive strength, and durability could be greatly improved by the use of 
this finer aggregate in optimum amounts. 
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SYNOPSIS 


This paper gives the high-lights of an investigation to account for 
a rapid failure of some cast stone steps in the winter of 1937-38. Pre- 
liminary studies of the cement, aggregate and concrete gave no clue to 
the trouble except to show that the aggregate in some way caused rapid 
failure of the concrete in freezing and thawing tests. Eventually the 
aggregate was found to have an unusually low thermal coefficient, 
although very resistant to frost action in itself. A number of other low 
coefficient aggregates were found, and in concrete subjected to freezing 
and thawing tests, all produced the same type of rapid failure. Such 
aggregates evidently produced high internal stresses at low temperatures 
and made the concrete particularly vulnerable to frost action. 


Committees and individuals attempting to list the factors which 
affect the durability of concrete have frequently mentioned thermal 
coefficient of aggregates as one of those to be considered. So far as the 
writer is aware, no definitely established cases of failure from this source 
have been reported, although certain aggregates have been under sus- 
picion from the relatively low resistance of conerete made with them 
in freezing and thawing tests. However, the following account of a 
cast stone failure contains rather convincing evidence that the low 
thermal coefficient of a dolomitic marble was primarily responsible for 
the trouble in this case, which was made spectacular by the contributing 
effects of an unusually severe exposure, 


In the summer of 1937, some very imposing flights of cast stone steps 
were installed for the approaches to a University building situated on 
a hill top in a northern city. ‘These steps were cast in about 8 ft. lengths, 
approximately 6 x 12 in. cross-section, The riser and tread faces were 


*Received by the Inatitute Apr, 25, 1041 
{Director of Research, Lehigh Portland Cement Co,, Allentown, Pa, 
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dressed to expose the aggregate, which was a crystalline dolomitic 
marble. The cement used was a mixture of 75 per cent H.E.S. and 
25 per cent white portland, both of normal good quality so far as known. 
The cast stone was of exceptionally good quality as manufactured—the 
mixture was 1:4 by weight, with well graded aggregate, W/C of 5% gal. 
per sack, and vibrated into rigid molds. 

In April 1938, these steps were found to be shot with fine cracks on 
the exposed faces, crumbling had already started at the grade line, and 
the concrete was incredibly and swiftly on its way out. ‘The appearance 
of the steps at that time suggested internal swelling as though from 
unsound aggregate, but the latter had been above suspicion, as it came 
from a source from which the manufacturer had obtained his supply 
for many years. Nevertheless, the aggregate was suspected, and some 
200 typical pieces of the *4 to 5% in. maximum sizes were immersed in 
water and subjected to freezing and thawing tests. After more than 
300 cycles only five pieces of the aggregate had split, and there was 
practically no disintegration. One could not reasonably demand a 
more durable aggregate. 

It will serve no useful purpose to go into the details of the extensive 
test program undertaken to account for this rapid failure. Samples of 
of the cement actually used in the concrete were not available, but the 
same brands from the same sources were used in reproducing the job 
concrete in the laboratory. These cements were tested with other aggre- 
gates, and other cements were tested with the dolomitic marble.  Freez- 
ing and thawing tests proved conclusively that the marble aggregate 
caused a rapid failure of the concrete in which it was used, regardless 
of the type of cement. 

Fortunately, a pair of 144 x 1% x 10 in. bars of the marble itself had 
been obtained, which were submitted to cycles of wetting and drying, 
heating and cooling, freezing and thawing. Nothing happened from a 
long course of such treatment, except that as a result of heating and 
cooling, the marble showed a slight growth of one or two hundredths of 
one per cent. In some way this suggested making a determination of 
thermal coefficient between the temperatures 0 and 120 degrees F., 
within which range all the previous tests had been conducted. Un- 
expectedly low values were obtained, and later determinations with 
more refinement showed that the thermal coefficient was very close 
to .000002 per degree I. 

This was believed to be the key to the failure. The thermal coefficient 
of cement paste is variable according to Meyers’®, depending upon 
the quantity of gel present, its state of desiccation, age, ete.; the Bureau 


(*) 8. L. Meyers: Thermal Coefficient of Expansion of Portland Cement Induatrial & Engineering 
Chemistry, Vol, 42, p. 1107, August 1940, : 
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of Reclamation’® gives values varying from .000006 to .000009 per 
degree I’. To make a very rough estimate of internal stresses, let us 
assume that the coefficient for the cement matrix in the cast stone 
was .000007. Between paste and aggregate, then, there existed a linear 
differential deformation of some five millionths for each degree change 
in temperature. A possible drop of 100° would give a relative deforma- 
tion of .0005 in. per inch, and for an assumed modulus of 4,000,000 
p.s.l. for the paste, the tensile stress in the latter would be 2000 p.s.i. 
without allowance for aggregate deformation and for creep. The stress 
so computed is probably too high, and in fact might be more logically 
taken at about 24 of this value, as the modulus of the aggregate was 
determined as about 8,000,000 p.s.i. On the other hand, as will be 
indicated later, it is possible that the thermal coefficient of the aggre- 
gate was considerably lower at low temperatures than the value of two 
millionths given above, so that it is impossible to make an accurate 
estimate of the tensile stress in the paste. It seems very probable, 
however, that the stresses were at times sufficient to produce cracks in 
the matrix. This would have made the concrete particularly vulnerable 
at low temperatures and afforded opportunity for effective frost action. 


To secure further evidence in support of the foregoing deduction, the 
thermal coefficients of quite a number of aggregates that were sus- 
pected of having low coefficients were determined, and several having 
values as low as that of the dolomitic marble were found. In this search 
it became apparent that marbles and crystalline limestones very fre- 
quently have coefficients that diminish with temperature, and that such 
coefficients may actually become negative within the range of tempera- 
tures common to the northern part of the country. Therefore, it seems 
important, in relation to the question of conerete durability, that the 
thermal coefficients be determined particularly for temperature ranges 
from room temperature to 20 I. or lower. 


Table 1 gives the coefhicients of four aggregates, the first three of 
which have been used in the commercial production of cast stone. For 
these three aggregates, coefficients were determined for ranges both 
above and below room temperature, and it is immediately apparent 
that one could be easily misled in judging the acceptability of the Mary- 
land marble, for example, from the coefficient as determined for the 
range 75 to 212 EF. 

These four materials were crushed and sereened to give a graded 
coarse aggregate between 'o-in. and No, 4. They were combined with a 
mortar consisting of normal cement and fine Ottawa sand and east in 
2x 2x 10-in. bars with steel contact points embedded in the ends, 


(*) Tureau of Reclamation, Concrete Manual, p, 37 
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TABLE 1 


Thermal = fficients per Degree F. (x10*) 


Material ‘Temp. Range (F.) Coeffic sient 
Marble (N. Y.) | 25 to 75° 2.5 
Marble (N. Y. 75 to 212 4.2 
Calcite (N. J.) | 25 to 75° 0.0 
Calcite (N. J.) 75 to 212 3.7 
Marble (Md.) 25 to 75 1.2 
Marble (Md.) 75 to 212 4.4 
Vycor Glass 20 to 180° 0.5 
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These bars were cured for two different periods, and then submitted 
to freezing and thawing tests. The lengths were measured every few 
cycles and their behavior is shown by the plot of expansion versus 
cycles in Fig. 1. 

In general these tests were continued as long as the bars could be 
handled without breaking them. ‘The little cross lines on the lower 
portion of the curves indicate the points where one or both of the steel 
contact points became loose. When it is realized that an expansion of 
.1 to .2 per cent represents practical failure, it is apparent that these 
aggregates cause very rapid failure under the conditions of the test. 
For comparison, the curve marked G shows normal behavior of good 
concrete in such tests, although the G bars were not a part of this par- 
ticular series. 

It is perhaps worthy of note that while the life of the bars tends to 
be shorter, the lower the aggregate coefficient, the surface condition of 
the aggregate also plays a part. Thus the Vycor glass has smooth 
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Fig. 2—New York marble, New 
any calcite and Maryland 
marble bars (left to right) after 35 


cycles of freezing and thawing. 





glassy surfaces, and correspondingly low bond, and gave the mostr apid 
failure. The New Jersey calcite is also characterized by smooth crystal 
faces, and although its low-range coefficient was above that of the 
Maryland marble, its performance was about the same. The New York 
marble had both a more favorable surface condition and a higher co- 
efficient, and succumbed to the frost action somewhat more slowly. 

Vig. 2 shows three bars after 35 cycles of freezing and thawing, con- 
taining respectively the New York marble, the New Jersey calcite, and 
the Maryland marble (from left to right). The expansions ranged 
from .1 to .25 per cent and the bars were therefore in bad condition. 
The photograph shows, however, that there was very little loss of 
weight, which suggests that loss of weight as a criterion of failure in 
failures of this type would be inadequate to represent the true condition 
of the specimens. 

It may, therefore, be concluded that the low coefficient of the dolo- 
mitic marble in the case described was the prime cause of the failure of 
the cast stone steps. Nevertheless, there was another factor which no 
doubt contributed materially to the rapid disintegration, and that was 
a structural detail. These steps were set in mortar on a monolithic 
reinforced concrete foundation having the same profile as the finished 
steps. It is obvious that rain and melting ice and snow would tend to 
keep this mortar bed, and to a somewhat less degree, the steps them- 
selves, more or less saturated for long periods of time between fall and 
spring. In the severely exposed location, the conditions to which these 
steps were subjected were quite analogous to those obtaining in the 
laboratory tests, and the relatively small number of freezing and thaw- 
ing cycles required to damage this particular kind of conerete could 
readily have occurred in a single winter. Another factor was also favor- 
able to the vulnerability of these steps, in that the cast stone was an 
unusually dense conerete, cast in mid-summer, Therefore, it is to be 
assumed that internal stress developed and increased more or less 
steadily as the winter approached, the really damaging stresses occur- 
ring at freezing temperatures or below, and causing the concrete to be 
most susceptible to frost action just when frost action could occur, 

While there is no need to take an alarmist view of the possibilities of 
damage from low coefficient aggregates, this matter should be of par- 
ticular concern to the cast stone industry. Marble aggregates are 
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commonly used in the manufacture of cast stone, and abnormal thermal 
behavior in marbles seems to be the rule rather than the exception. If 
such aggregates are used in severely exposed exterior work, the possi- 
bility of trouble should not be overlooked. The information gathered 
in the course of this study suggests a probable cause for a number of 
hitherto unexplained cast stone failures. 


In the general concrete field there is less likelihood of trouble from 
aggregates of abnormal thermal coefficients. Examination of existing 
data suggests that very rarely are coefficients high enough to cause any 
worry, but the data at low temperatures are too few to indicate with 
certainty whether some aggregates may not have undesirably low co- 
efficients. It seems fairly certain that the danger lies in aggregates of 
this type, which cause high internal stresses at low temperatures, and 
therefore are especially to be avoided in concrete that is frequently 
or continuously wet and at the same time subject to severe frost action. 


Discussion of this paper should reach the ACI Secretary in triplicate 
by Mar. 1, 1942, for publication in the JOURNAL for June, 1942 
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By MR. PEARSON, 


(Introducing Convention Discussion) 


As the substance of this paper was presented at the meeting of Com- 
mittee 115, Research, a year ago, and the paper itself published in 
the September 1941 JourRNAL only a very brief review will be presented 
here with a few additional remarks on later developments. 

The case had to do with an installation of exceptionally well made cast 
stone steps as the approaches to a University building in the northern 
part of the country. The steps were cast and placed in the summer of 
1937; in the spring of 1938 they were found to be more or less covered with 
fine cracks and in a well advanced stage of disintegration. The appear- 
ance of the concrete suggested the effects of an internal swelling, but there 
was no suspicion of faulty material in the ingredients. The location and 
the details of construction were such as to contribute to the severity of 
the exposure. 

Tests were undertaken immediately to reproduce the job concrete in 
the laboratory. A rather coarsely crystalline dolomitic marble was used 
as aggregate, and it was found that all test specimens containing this 
aggregate failed very rapidly from alternate freezings and thawings. It 
was thought that the aggregate itself might have low resistance to freezing 
and thawing but this was found not to be the case; in fact the aggregate 
was not appreciably affected by 10 times the number of cycles which 
destroyed the concrete. 

The only clue to the trouble eventually came from length measure- 
ments of some bars cut from the marble, while exposing them alternately 


*ACI JourNAL, Sept. 1941; Proc. V. 38, p. 29. 
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in a refrigerator at zero F. and in an oven at 120 F. The coefficient of 
thermal expansion over this temperature range was found to be .000002 
per degree F., and it was therefore obvious that rather high internal stress 
in the concrete should be expected to develop in cold weather. During 
the fall and winter it is to be presumed that the thermal contraction of 
the matrix, linearly, was 3 to 4 times that of the aggregate. [xcept for 
the mitigating effects of creep, which cannot even be estimated in this 
case, computations show that the tension set up in the cement matrix was 
probably sufficient to produce cracks therein at winter temperatures. 
While these cracks must have been originally very fine, perhaps even sub- 
microscopic, they would permit the entrance of water or melting snow 
and ice at the very time that freezing could do most damage. 

The obvious thing to do after this theory was established, was to 
repeat the work more intensively with this aggregate, but when additional 
samples were obtained in 1939, they were found to have higher coeffi- 
cients and were therefore unsuited for the further investigation. Progress 
being blocked in this direction, a search for other aggregates of low 
coefficients was made. Eventually four others were found and these 
were used in the place of the dolomitic marble. The details of these 
studies are given in the paper; it is sufficient to state here that the results 
seemed to confirm the theory in all respects, indicating that concretes 
containing aggregates with coefficients lower than about .0000025 per 
degree IF’. were particularly vulnerable to frost action under wet condi- 
tions. 

The startlingly rapid failure of the job concrete indicated that setting 
the steps on a reinforced concrete foundation in such manner that water 
could not readily drain away from the bed mortar must have been a 
potent factor contributing to the speed of failure. There is indirect 
evidence of this from a set of 2 x 2 x 10-in. bars made with the original 
marble aggregate and exposed to rain, sun, wind, snow and ice on the 
slightly pitched roof of a storage building adjoining our laboratory in 
Allentown. These bars were thus exposed for more than three years, 
and up to December, 1941, they had expanded only from 0.04 to 0.09 
per cent. At this time they showed a few fine cracks, which from casual 
observation might have been taken for ordinary crazing, and did not 
appear to be indicative of severe internal disorder. Yet the expansion 
was definite evidence that they were failing gradually, and in fact the 
bar with the highest expansion might be considered close to failure. One 
of these bars, which early in December, 1941, had expanded 0.06 per 
cent, was transferred to a tray of water on the roof, in which the average 
depth was about 1%-in. During the succeeding two months there were 
recorded 18 cycles of temperature through the freezing point. Not all of 
these could probably be considered effective freezing and thawing cycles, 
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yet during that period the bar expanded from 0.06 to 0.23 per cent, after 
which it was easily broken in the hands. These observations thus seem 
to indicate that severity of exposure is an important factor in the dura- 
bility of concrete containing aggregate of low thermal coefficient. With- 
out frequent saturation of such concrete under freezing conditions, deter- 
ioration would be gradual, and might not even be suspected until failure 
was imminent, 


By F. B. HORNIBROOK* 


In recent years a disquieting number of instances of concrete disinte- 
gration has been pointed out which may be attributable in whole or in 
part to the aggregates. In some cases the disintegration was due to an 
unfortunate combination of certain aggregates with certain cements 
where incompatible chemical properties were brought together, as in the 
aggregate-alkali reaction; in other cases the disintegration was caused 
by the specific inability of the aggregate to withstand frost action, as in 
some cherts. Mr. Pearson has now commendably pointed out another 
cause of disintegration, namely, that which results when, under certain 
conditions of exposure, the thermal expansivity of the aggregate is incom- 
patible with that of the associated materials. 


An example of disintegration wherein the low coefficient of thermal 
expansion of the aggregate may have played a part was also found in a 
high school stadium built in a mid-western Pennsylvania town during 
the summer of 1940. One year later much of the exposed area of the 


*National Bureau of Standards, Washington, D. C, 


Fig. A—Typical appear- 
ance of stadium after one 
winter's exposure. 
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stadium exhibited extensive disintegration of a type illustrated by Fig. A. 
In addition to the disintegration shown, surface cracks were widespread 
on the tread and fine cracks were abundant even on the sides and top of 
the parapets. The concrete was easily broken away with a hammer at 
the corners of the steps, separations occurring quite clean between the 
coarse aggregate and the matrix. 


The mix used was 1:2:314 by volume with 5% to 6 gal. of water per 
bag of cement. A crushed fine-grained crystalline limestone was used 
for both the fine and the coarse aggregate. 

The factor of workmanship was, of course, indeterminate. The same 
contractor, however, had built a municipal stadium 2 years before, which 
was in nearly perfect condition. There was no tendency on the part of 
the local supervisor nor of a school board member that watched the work 
closely, to blame the contractor. 

The concrete probably was fairly harsh for placing; the water content 
had to be kept down since forms were provided for risers only and the 
concrete had to be kept stiff enough to keep it from flowing from a 
higher step to a lower one. The crushed stone fine aggregate had only 
5 to 6 per cent (5.3 per cent for the sample tested) passing the No. 100 
sieve. It seems probable, therefore, that the surfaces, and particularly 
the edges, had to be worked considerably, thereby resulting in an excess 
of mortar at the surface. This was found to be true for several samples 
taken from step edges. 


Fortunately, samples of the original cement and also of the fine and 
the coarse aggregates were available. A section of one of the steps was 
also obtained. Nothing unusual was found in the chemical analysis of 
the cement and aggregate, from autoclave tests of the cement, or from 
petrographic examination of the aggregate and hardened concrete. Tests 
for reaction between the aggregate and the 0.67 per cent total alkali in 
the cement were entirely negative. Although the concrete in the step 
taken for tests was so weak near the top that cores could not be suc- 
cessfully cut, two cores cut from the bottom had compressive strengths 
of 5400 and 6070 psi. A section 6 x 21% x 134 in. cut from the bottom 
had a flexural strength of 700 psi. 


Freezing and thawing tests on specimens made from the original cement 
and aggregate indicated resistance that averaged as good or better than 
so-called normal concrete similarly fabricated and cured. 

Measurements of the thermal expansion of the coarse aggregate were 
made by W. H. Johnston of the National Bureau of Standards over the 
range —4to+140 F. Between — 4 and 32 F the average coefficient of 
thermal expansion of two specimens was found to be 2.0 x 10°; the aver- 
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age coefficient between 32 and 140 F. was 2.4 x 10°°. As pointed out 
by Mr. Pearson, and also by R. E. Davis* and by Willis and De Reusf, 
this is considerably lower than the coefficient for cementitious material. 

Meyerst found marked differences in the coefficient of expansion with 
richness for a limestone concrete; thus a 1:7.5 six months old limestone 
concrete had a coefficient of 3.9 x 10° whereas a richer 1:3.1 concrete 
had a coefficient of 7.8 x 10°. Such a difference in coefficient with rich- 
ness could be responsible for excessive stress between an overworked 
surface and the leaner interior. 


The stadium concrete was poured starting in June, when of course the 
temperature was fairly warm. In the fall large daily temperature varia- 
tions occur in that section of the state. No weather reports are available 
from the town in which the stadium is located but official records from 
a nearby town show a maximum daily variation of 46 and a mean daily 
variation of 28.8 F. for the month of October. The exposure of the 
stadium is to the southeast, hence the daily variation in the temperature 
of the surface of the concrete was undoubtedly much greater than the 
official temperature variation, particularly on clear days. The weather 
reports for the nearby town also indicate 14 possible cycles of freezing 
and thawing for October and 18 evecles for November. Weather records 
for other months were not obtained. 


The mechanism of disintegration therefore may have been somewhat 
as follows: Large temperature differences probably developed at times 
between the surface and interior, and the difference in coefficient of 
expansion between the mortar-rich surface and the interior may have 
caused fairly large tensile stresses at the surface; sufficient, possibly, to 
open the fine cracks that were so evident over most of the exposed strue- 
ture. The steps were probably near saturation a good part of the late 
fall, and these fine cracks could have provided an opening for water. 
The freezing and thawing action then probably caused the actual soften- 
ing and disintegration. 


An interesting application of marble as aggregate is to be found in a 
commercial cast stone coping and belt course placed in 1940 on an exten- 
sion to one of the Buildings at the National Bureau of Standards. The 
marble, a coarse-grained crystalline friable material from near Balti- 
more, Md., was used in the proportions 1 part cement, 1 part river sand 
to 2 parts marble sand graded up to *s in. Thermal expansion measure- 
ments by W. H. Johnston on crystals of the marble selected by W. H. 
Parsons for their orientation along the principal crystallographic axes, 

*A Summary of Investigations of Volume Changes in Cements, Mortars and Concretes Produced by 


Causes other than Stress, Proc. A.S.T.M., 30, T, 668 (1930), 


tThermal Volume Change and Elasticity of Aggregates and Their Effect on Concrete, Proc. A.8.T.M., 
Vol. 39, p. 919, 1939. 
tibid, p. 1109. 
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indicated a coefficient of thermal expansion very similar to that of pure 
calcite; that is, a high positive coefficient along one axis and a negative 
coefficient along the other axes. From — 4 to 140 F. the coefficient of 
expansion of the selected crystals, parallel to the C-axis, was 12.5 x 10 ° 
and perpendicular to the C-axis was —2.2x 10° The calculated coeffi- 
cient of volume expansion would therefore be 2.7 x 10 °. 


Several additions, water contents, and curing conditions were used 
during the fabrication of the cast stone and a complete record was main- 
tained. From time to time various measurements are being made on 
this cast stone in place so that eventually an excellent case history should 
be available to help in diagnosing the cause of trouble should any develop. 
The only unsatisfactory behavior observed thus far is a pronounced 
crazing on many of the stones, the cause of which has not yet been 
established. 


The work of Mr. Pearson, as well as that of others, on the behavior of 
aggregates in concrete, emphasizes the need of considering the mineral- 
ogical properties of the material to be used as aggregate in relation to 
the properties of associated materials and in relation to the use and expos- 
ure of the concrete. In many cases this will require a detailed classificea- 
tion of the minerals making up the rocks in the aggregate, as well as a 


study of the rock textures. 
By H. S. MEISSNER* 


Mr. Pearson’s paper recalls some freezing and thawing tests which had 
been conducted in the Bureau of Reclamation laboratories some time 
ago. A comprehensive series comprising several aggregates, using one 
cement at the same water-cement ratio, varied widely in relative dura- 
bility. No reasonable explanation for all the differences in resistance to 
freezing and thawing could be discerned from the absorption, air, water 
content, cement content, or other characteristics of these concretes, 
There was likewise no correlation between these tests and the relative 
soundness of the aggregates as determined from sodium sulfate and 
freezing and thawing tests; in fact some of the more resistant concretes in 
the group were composed of the least sound aggregate as reflected by the 
sodium sulfate tests. The only conclusion that could be drawn from this 
work was that differences in the concretes were due to inherent differ- 
ences in the aggregates. 

A study of the petrographic composition of these aggregates did, 
however, at first suggest a speculative answer. It was observed that 
those concretes whose aggregates consisted entirely of one rock type, or 
preponderately so, were amongst the most durable, and that, on the other 


*Engineer, U. S. Bureau of Reclamation, Denver, Colo 
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hand, the concretes containing a heterogeneous aggregate, composed of a 
miscellany of minerals and rock types, were the least durable. Such 
grouping suggested that differential expansion and contraction within 
those concretes composed of assorted aggregate particles, each with 
different coefficients of expansion, contributed to their failure. 


Accordingly, an attempt was made to check such theory by fabricating 
several groups of 3 x 6-in. concrete test specimens, in which all members 
of each group were made with a uniform aggregate prepared by crushing 
a single type of rock. An additional group was then made, composed of a 
mixed aggregate including equal parts of all the others. Crushed lime- 
stone, granite, quartzite, basalt, and sandstone were the rock types used 
in this series. All were graded alike and the same cement at a fixed 
water-cement ratio was used for all groups. The paste content was 
adjusted to give the same consistency in all groups, but this variation 
was not great, and it was felt that the concretes were enough alike in all 
respects other than the composition of the aggregate to permit the study 
of this variable. In the test, the specimens were placed in water, within 
rubber tubes, and frozen in cold circulating brine at a rate such that their 
centers reached 15 F. in one hour and 20 minutes from an initial uniform 
temperature of 70 FF. Thawing to 70 I. was accomplished in the same 
elapsed time by placing the tubes in running tap water. 


When subjected to freezing and thawing, these groups showed wide 
differences in durability, the limestone having twice the resistance of 
the basalt concrete and the others ranging between these two. How- 
ever, contrary to the assumption first made, under which the concrete 
containing the mixed aggregate might be expected to have the least 
durability, this concrete was found to give results practically equal to 
the mean of all the other groups. And yet, if the extremes of durability 
may be attributed to extremes in thermal coefficient of the aggregate, 
an average durability might be expected from a combined aggregate in 
which those extremes are compensating. However, the thermal coeffi- 
cients of the basalt (.0000032) and limestone (.0000043) were not found 
to differ greatly, although they are in the order suggested by Mr. Pear- 
son. Thermal coefficients for the other rock types were not determined. 


Another set of data, wherein several aggregates were used in identical 
coneretes submitted to freezing and thawing tests, have been examined 
to see if they would conform to Mr. Pearson’s proposition. These were 
crushed aggregates, graded alike, from minus 100 mesh to °4-in. maxi- 
mum, and used with the same cement at the same water-cement ratio 
to make 3x6-in. concrete test evlinders. The thermal coefficients for 
these aggregates had been determined and are listed in Table A, along 
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with the number of freezing and thawing cycles which the several con- 
cretes had endured before reaching the degree of failure noted. 


TABLE A 
Number of 
Type of Thermal Coefficient Freezing and Thawing Cycles 
Aggregate in in. per in, 
oncrete per Degree F. | ‘To 25 Per Cent To 0.3 Per Cent 

Loss in Weight Expansion 
Diorite No. | 0. 0000047 13 6 
Quartz diorite 0. 0000044 25 19 
Limestone A 0. 0000023 14 1] 
Diorite No, 2 0, 0000038 59 15 
Limestone B 0, OOOOO18 84 8S 


The concretes are arranged in the order of durability, and it may be 
noted that the concrete containing the aggregate of lowest coefficient 
was the most resistant, and that the aggregate in the least durable con- 
crete had the highest thermal coefficient. With one exception the other 
concretes were in this same order, This series of tests, therefore, fails 
to support the theory advanced in the paper. 


Supplementing the groups shown above, and identical in all respects 
except for the cement used and amount of curing prior to freezing and 
thawing, is another series (Table B) wherein resistance may be com- 
pared to the coefficient determined for the aggregate. In this series 
repeat tests were made with another cement. Limestone C was found 
to have a thermal coefficient of 0.0000034 inch per inch per degree F. 
parallel to the bedding plane in the rock, and 0.0000053 perpendicular 
to the bedding plane. 


TABLE B 
Number of 
Type of Freezing and Thawing Cycles 
Cement | Aggregate Thermal 
in Concrete Coefficient To 25 Per Cent | To 0.3 Per Cent 
| Loss Me xpansion 
| Dolomite 0. OO00045 535 540 
A | Graywacke 0. OOO00051 105 65 
| 
| Limestone C 0. 0000044 18 10 
Dolomite 0, OOO0045 351 351 
B | Graywacke 0. 0000051 148 134 


Limestone C 0. 0000044 1) 50 
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It is observed that the concrete which was the least durable in the 
group had aggregate with the lowest coefficient. The range of thermal 
coefficient for these three aggregates does not appear to be large enough 
to account for the great difference in durability. Yet the relative resist- 
ance of these concretes must be attributed alone to the materials used 
in them, From this group it appears that the explanation for resistance, 
or lack of resistance, to freezing and thawing, which these materials 
impart to conerete, is to be found in some unrecognized quality or 
characteristic. It may be that surface texture, with some influence on 
bond between the aggregate and paste, is in great measure responsible 
for the degree to which concrete resists the destructive effects of freezing 
and of thermal alternations. To the writer this seems to be exhibited 
by tests on a crushed pegmatite quartz. Concrete specimens, similar 
to those mentioned, made from this aggregate fail completely within 40 
eyeles of freezing and thawing, although this material could hardly be 
touched when tested for soundness by sodium sulfate or freezing and 
thawing. Its thermal coefficient was determined to be 0.0000057 in. 
per inch per degree F., which I believe Mr. Pearson would not consider 
unsatisfactory. However these crushed particles have hard glassy sur- 


faces, with which it may be imagined bond would be poor. 


In spite of the above remarks, which may give the impression that the 
writer disagrees with the author, it is felt that the theory advanced has 
a good scientific basis. High internal stresses must occur when materials 
with widely different thermal expansions are yoked together and then 
subjected to alternations in temperature, and it is axiomatic that such a 
condition would induce strains contributing to failure. The object of 
this discussion is merely to present data bearing on the subject, whether 
the same gives support to the paper or not. Mr, Pearson deserves com- 
mendation for this interesting article and the ingenious explanation given 
for the particular case of conerete deterioration. It should serve as a 
stimulus to other investigators and might well be applied to many con- 
cretes which, although possessing everything that may be expected in 
good workmanship and design, fail to give reasonable service, 


By R. B. YOUNG* 


\Ir. Pearson’s paper points out a very much neglected property of 
natural rock; namely, its coefficient of expansion. It is very evident 
that if the coefficient of the aggregate be very greatly different than that 
of the cement paste, whether higher or lower, it would tend to set up 
destructive stresses in the concrete in the first case at the higher tem- 
peratures, in the second, at the lower, The severity of the stress set up 


*Hydro-Eleetric Power Commission of Ontario, Toronto, Ont, 
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by the differences in the rates of volume changes would depend on the 
range of temperature experienced and the length of the exposure under 
substantial differentials of temperature. Thus, in warmer climates, the 
aggregate with the high coefficient of expansion would become danger- 
ous; in the colder climates, the aggregate with the lower coefficient of 
expansion would be expected to give trouble. 

The speaker had hoped to be able to describe another example of the 
destructive effects in concrete of a dolomitic limestone aggregate having 
a low coefficient of expansion. The failure of the concrete in question 
was undoubtedly caused by the aggregate. In preliminary tests of the 
suspected aggregate, certain specimens were found which acted as 
described by Mr. Pearson. But, subsequently, on another group of 
specimens prepared from new samples, no further examples of this type 
of rock were discovered. While these studies did not yield any con- 
clusive results, they did result in developing a method of test different 
from that used by Mr. Pearson which we believe is worth recording. 

In our earlier studies, we followed the technique of Mr. Pearson and 
used small prisms, but they were found to be difficult to caliper accu- 
rately as they were small in volume and susceptible to warping while 
handling. Later a cube specimen was substituted which eliminated the 
distortion and permitted measurements to be taken in three different 
directions, thus detecting differences in the coefficient of expansion with 
and across the grain of the rock. Barney Kellam of our staff, who worked 
out the technique of these tests, has prepared a brief description of the 
method used which will form a part of the discussion of Mr. Pearson’s 
paper; so I will not attempt to describe it. 

Using this method wherever we can get samples of suitable size, we 
are determining the coefficient of expansion of all samples of rock coming 
into our laboratory with a view to learning more about the destructive 
possibilities of aggregates with unusual thermal properties. 


By B. KELLAM* 


The measurement of the coefficient of expansion without elaborate 
equipment practically limits one to the use of an accurate machinist’s 
micrometer and makes necessary the development of the ability to make 
rapid measurements with it at various temperatures. After some experi- 
mentation, specimens of cube shape were selected in preference to prisms 
which distorted with temperature changes. The method now in use in 
the H.E.P.C. Laboratory is as follows: 

The stone is cut into 4-in. cubes which need not be accurately sawed 
or finished. Pins made of '4-in. diameter cold rolled steel, rounded at 
one end and exactly 5% in. long, are gently driven in holes drilled in the 


*Hydro-Electric Power Commission of Ontario; discussion presented by Mr. Young. 











AGGREGATE OF LOW THERMAL COEFFICIENT 36-11 


faces, until they are embedded approximately *s in. leaving 4 in. ex- 
posed. One pair of such pins serves to measure changes parallel to the 
strata on which the rock lies and one pair at right angles to the bed. 

Dimensions are first read when the specimens have remained at room 
temperature for at least one day after being received. They are then 
placed in a refrigerator, each specimen with a thermometer attached to 
it by means of plasticene. The temperature cycle is 48 hours in the 
refrigerator, 24 hours at room temperature, 48 hours in a constant tem- 
perature oven at 215 F. and finally another 36 hours at room temperature. 
Readings are taken at the end of each of these different periods. 

These measurements were made with a micrometer which reads to 
0.1 mil. When a number of specimens are being handled, readings are 
greatly facilitated by having all cubes approximately the same in dimen- 
sion. It was found necessary to insulate the frame of the micrometer 
from the hand as the heat from the latter would cause errors as much as 
0.6 mil. after one minute of contact. When ready to make measure- 
ments the micrometer was set approximately to the known dimension, 
the specimen quickly taken from the oven or refrigerator and measured. 
If taken from the refrigerator, the thermometer attached to the speci- 
men was quickly read. 

Measurements were always made at room temperature between oven 
and refrigerator to check on any peculiarities that the stone might 
exhibit. 

Two eycles were usually run, allowance being made for the expansion 
coefficient of the steel pins. Changes were calculated on the micrometer 
measurements minus the length of both pins after the latter had been 
corrected for temperature. 

This method was found to be accurate and speedy, requiring no 
precision equipment to cut the stones since the latter need not be accu- 
rately cubed nor the faces be parallel; and the type of micrometer used 
is generally available in most testing laboratories. 

By R. E. DAVIS* 
(presiding officer) 

The discussion has been very interesting. I have felt for a long time 
that we were neglecting some of these things such as the thermal expan- 
sion of the aggregate. I do not believe we can yet pin lack of durability 
entirely on the low coefficient of the aggregate. Other factors come in, 
such as surface texture and the mineral character of the aggregate itself, 
[ believe one factor which has not been mentioned here is the rigidity, 
or modulus of elasticity of the aggregate; among our stones we 
find very large variations in modulus of elasticity, and naturally the 


*Profeasor of Civil Engineering, University of California, Berkeley. 
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more rigid the material, other things being equal, the higher would be 
the concentration of the localized stresses set up as concrete goes 
through a cycle of high to low temperature. So far I think we have had 
in mind those localized stresses which are produced in a combination 
of hardened cement paste with a relatively high coefficient of thermal 
expansion and an aggregate with a relatively low coefficient of thermal 
expansion. On the other hand, in a structure restrained from free move- 
ment as, for example, a dam, the average structural stress due to a given 
thermal change would be less for an element composed of concrete 
containing low coefficient of expansion aggregate than for a correspond- 
ing element containing high coefficient of expansion aggregate, since 
the tendency of any concrete element toward overall expansion is largely 
determined by the aggregate. | wish to bring out this point because | 
have seen what seemed rather notable examples of structures in climates 
not subjected to freezing and thawing, that have been surprisingly free 
from cracks, where I know that the aggregate used had a very low 
coefficient of thermal expansion. Is there any further discussion on this 
subject? 
By M. O. WITHEY* 


I have not a scientific analysis to present, but simply this lesson from 
the structural engineer’s standpoint: High ductility in structural steel 
has been required to provide a metal that will accominodate itself, 
without failing, to stresses beyond the limit of elasticity which are often 
developed during the construction. Ductility and toughness are also 
important qualities of mortar and concrete. In addition to investigat- 
ing the expansion, surface texture and other characteristics of the aggre- 
gate which influence the ductility and toughness of concrete, | think we 
should strive to improve the ductility and toughness of pastes. If such 
improvements are made in pastes, we will be able to use safely aggre- 
gates with marked differences in coefficients of expansion. 


By M. A. SWAYZETt 


I became aware of Mr. Pearson’s work on this subject soon after he 
discovered what was the trouble with his cast stone, and I want to thank 
him publicly for what he found. We too had a job of cast stone in cen- 
tral New York. Although it was beautiful looking stone when it went 
in, by the next spring it was in very bad condition. That cast stone 
was made up, as far as its coarse aggregate was concerned, of almost 
pure calcite. The calcite grams were practically all single crystals, 
from 4% to %-in. in size. After Mr, Pearson had called our attention 
to the effect of a low expansion coefficient, we looked up the thermal 


*Professor of Mechanica, University of Wisconsin, Madison 
{Director of Research, Lone Star Cement Corp., Hudson, N. Y. 
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coefficients of calcite. Fortunately some work had been done on that. 
Mr. Hornibrook called it to your attention today, but perhaps the full 
significance of his remarks did not sink in. 

Calcite, according to the text books, has a thermal coefficient of 14 
millionths per degree F. along one crystal axis, and perpendicular to this 
axis a shrinkage of 3 millionths per degree rise in temperature. With 
cement paste having a coefficient of about 8 millionths, this means that 
some tremendous strains are set up when a calcite crystal is embedded 
in cement paste and put through a 100 degree rise in temperature. In 
one direction the crystal will expand 100 times the difference between 14 
and & millionths, or 600 millionths of an inch per inch more than the 
paste. In the other direction it will shrink away from the paste to the 
amount of 1100 millionths. No cement paste can be expected to accom- 
modate itself to such enormous differential changes. 

From the appearance of the bad cast stone which we examined it was 
very apparent that this differential volume change was the cause of 
failure. Every calcite grain was torn completely loose from its moorings 
in the cement base, with no adhesion whatever of the paste on any of 
the crystal faces, and under the microscope the paste showed signs of 
disruptive strain. 

We secured samples of a number of calcitic aggregates used in cast 
stone, and attempted to work out some sort of simple accelerated test 
which did not involve freezing and thawing. We were not very sueccess- 
ful. We made our comparisons between these calcite aggregates and a 
gravel aggregate of equal size, using two ranges of heat change. One 
was our regular — 20 to + 70 F. eyele of freezing and thawing; the other 
was in the range from 70 to 170 F. In both cases the specimens were 
constantly immersed in water. While there was a considerably greater 
drop in strength of the concrete containing calcitic aggregates after 50 
of the hot cycles, individual differences were not great enough to furnish 
criteria of good and bad. So far as we can see, the only way we can tell 
definitely if an aggregate is going to cause this trouble in cast stone is 
by an actual freezing and thawing test. While the differential volume 
changes between these aggregates and paste are sufficient to break the 
bond between them in any range of temperatures, the severe disintegra- 
tion shows up only when water freezes in the cracks so formed. The 
performance record of a particular calcite aggregate in cast stone may be 
excellent for interior work or in vertical outdoor exposure, and yet it 
may be absolutely unfit for use when the stone is laid where it will be- 
come saturated with water and then freeze. 

Regarding Mr. Meissner’s remarks, | would like to know more about 
his limestones which did not seem to follow Mr. Pearson’s theory. The 
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point here is that limestones are made up of individual calcite erystals in 
every possible orientation. If these crystals are very small, then the 
differential expansion between crystal and crystal will be so small that 
it will not break the bond between the particles of limestone nor between 
limestone and paste. It is only when individual crystals become large 
that this happens. Therefore I suspect that the limestones which Mr. 
Meissner found poorly durable were coarse grained, while those with 
good durability were fine grained. 

This whole matter of differences in thermal expansion is one of extreme 
importance. It is regrettable that so little information exists on diff- 
erential expansion along the axes of minerals. We have an outstanding 
difference reported for calcite. Dolomite and magnesite are closely 
allied to calcite, have wide differences in many physical properties from 
one mineral axis to another, and therefore should also show similar diff- 
erences in thermal expansion. In general, any mineral which shows a 
large difference in indices of refraction from one axis to another must be 
under suspicion. If the crystal structure in aggregate particles bearing 
these minerals is large, then there must be grave doubt as to their ability 
to stand up under frost action when in a saturated condition, 


MR. MEISSNER 


I can assure Mr. Swayze that the limestone, about which he inquires, 
was a fine grained limestone. In this same connection, | would point 
out that the limestone C in Table B,* whichis shown therein as having a 
coefficient of .0000044, was found to have a coefficient of .0000034 parallel 
to its bedding plane and .0000053 perpendicular thereto. Whether or 
not this difference within the stone itself is sufficient to account for its 
low durability, | am not prepared to say, but it furnishes interesting 
comment to Mr. Swayze's remarks. 


By C. G. WALKER 


[ happen to be familiar with those jobs of disintegrated cast stone 
that have been referred to here, and several others, I also happen to 
know that the aggregate used in those jobs has been used in many other 
jobs which have never given any trace of trouble. 1 would not question 
the theory. The expansion of aggregates no doubt has something to 
do with the durability of concrete, but | would like to have it borne in 
mind that there have been many instances of the uses of these particular 
aggregates which have not resulted in failure. I should also like to ask 
Mr. Pearson whether he believes that under the conditions which pre- 
vailed on this particular job-—-the use of an aggregate of low thermal 


*Hee Mr. Meisaner's discussion 
VAssiatant Secretary, Caat Stone Inatitute, Washington, DC 
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coefficient and a very poor structural condition—which of the two con- 
tributed the more to the failure. If it was the structural conditions, 
then should we not put more emphasis on the correction of such practices 
rather than on theoretical consideration of properties of the aggregate 
which are in what we might call the fourth decimal place. I wonder if 
even a perfect aggregate would have made cast stone which would have 
stood up under the structural conditions on this job. 


MR. PEARSON 


Mr. Walker’s question regarding the effect of adverse structural con- 
ditions has been answered in the paper, at least to the extent that it can 
be answered, If it had been possible in some way to prevent the accumu- 
lation of water behind and under the cast stone steps, | do not think they 
would have failed so rapidly. Therefore, in this case there was undoubt- 
edly a considerable contribution from the environment, but even so, 
any concrete as well made as these steps were made ought to last con- 
siderably longer than one winter, The fact that some of the bars made 
to reproduce the job conerete failed rapidly in freezing and thawing 
tests, while others of the same lot were fully exposed to the weather on a 
slightly pitched roof for three years without showing much visible evi- 
dence of distress, indicates that the job exposure was extremely severe. 


But I do not think Mr. Walker or anyone else should foster the notion 
that this low thermal coefficient effect is simply of academic interest 
those very bars which appeared to be practically undamaged at the end 
of three years had already shown an expansion at the end of the first 
winter, and this became more pronounced as time went on, It is my own 
view that when copings, steps, ballustrades and the like are specified in 
cast stone for severe climates, then the avoidance of low coefficient 
aggregates would be very wise. The fact that these spectacular failures 
do not often occur is no reason for saying that these aggregates have not 
given any trouble in other cases—there is very good reason to believe 
that they have. 

MR. PEARSON 
(in response to a question) 

This is the only case in which a cast stone failure from this aggregate 
was identified as such. IT remember that one other job made with this 
stone was inspected which bore somewhat the same earmarks, but at 
that time it was in a much less advanced stage of disintegration, and 
we did not then have any suspicion as to the cause of the trouble, This 
statement applies also to a number of other cases that had come to our 
attention, which we felt in some way were tied up to the method of cast- 
ing in sand molds, Of course, we learned from this experience that 
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sand casting does not explain all the troubles with cast stone, although 
I feel quite sure that it is responsible for some of them. 


MR. PEARSON 


(in response to a question) 

These particular steps were ground on the exposed faces; that was to 
bring out the aggregate pattern. When I examined the stone in March, 
1938, there was not much choice between the condition of the vertical 
faces and the treads; it was somewhat more pronounced on the treads 
but both risers and treads were in bad shape. 


MR. PEARSON 
(in response to a question) 

The ashlar in the walls was of a similar character, but the exposure 
was nothing like as severe as that of the steps. There were signs of 
cracking which might have suggested the beginning of disintegration of 
a similar type, but I think it would take much longer to develop. 

and in response to a question 

The curing practiced in this plant was to cure initially in the sand 
molds, then by frequent sprinkling until the stones were faced, and 
thereafter by sprinkling for a considerable time in the yard, depending 
upon the time available. In this case, of course, sand molds were not 
used, but frequent sprinkling was continued from the time the steps were 
removed from the rigid molds. 


By F. V. REAGEL and T. F. WILLIS* 


Mr. Pearson has brought to the fore a possible factor in concrete 
durability which has too long been pointed at with suspicion and then 
neglected. His paper undertakes to explain an early failure of concrete, 
serving under conditions such that the concrete was apt to be saturated 
much of the time. From the appearance of the failure, Mr. Pearson 
suspected that the aggregate might be at least a contributing factor. 
Freezing and thawing tests “proved conclusively that the marble aggre- 
gate caused a rapid failure of the concrete in which it was used.”’ Deter- 
mination of the thermal expansion of the aggregate showed that the 
coefficient was relatively small, and over the lower portion of the tem- 
perature range was considerably smaller than that of the cement matrix. 
From the measured thermal expansion and elastic modulus of the aggre- 
gate and assumptions as to the thermal coefficient and elastic modulus 
of the paste, Mr. Pearson makes a ‘‘rough estimate’ of the internal 
stress possible under certain conditions and deduces that “it seems very 
era that the stresses were at times sufficient to produce 


“Respostively Engineer of Materiale and Chief of Research Division, Kureau of Materials, Missouri 
ighway Commission, Jefferson City, Missouri discussion by letter. 
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cracks in the matrix. This would have... . afforded opportunity for 
effective frost action.’”’ To confirm his preliminary tests and theory, 
other aggregates having very small thermal coefficients were incor- 
porated in concrete bars and these subjected to freezing and thawing. 
As an indication of deterioration, the expansion of the bars after success- 
ive cycles of freezing and thawing was measured, and he states that 
_ . an expansion of .1 to .2 per cent represents practical failure.”’ 
For the concretes containing aggregates of small thermal coefficient, this 
condition was attained in from 10 to 60 cycles whereas bars of good 
concrete (not a part of this series of tests) showed less than .02 per cent 
expansion in 140 cycles. From the above, Mr. Pearson concludes 
= .. that the low coefficient of the dolomitic marble in the case 
described was the prime cause of the failure........"’; but thata .....” 
“factor which no doubt contributed materially to the rapid disinte- 
gration’ was that the concrete was probably kept more or less saturated 
during the period in which it was subjected to freezing and thawing. 


Some years ago, in connection with observations of a large mileage of 
concrete pavement in Missouri, it was noted that disintegration, char- 
acterized initially by a typical map-cracking, occurred only when a 
specific kind of coarse aggregate had been used in the concrete. From 
knowledge of the cracking characteristics of pavements containing various 
kinds of aggregate, it was thought that the kind causing trouble might 
have had a coefficient of thermal expansion, or elastic properties, differ- 
ing considerably from those of the cement paste or mortar matrix, Under 
the right conditions, this might have caused localized internal stresses 
sufficient to cause cracking of the matrix. An investigation of the 
thermal coefficient and modulus of elasticity of various aggregates was 
initiated. The methods used and some of the results obtained have been 
previously published. * 

In Table C are shown typical results for various rock specimens, all 
of which were obtained from sources supplying coarse aggregate used 
in conerete pavements in Missouri. The thermal coefficients were 
obtained by measuring linear deformations as the temperature of the 
specimens was increased from 40 to 140 F. Unfortunately, the thermal 
coefficients were not measured over the lower range (down to —20 F.) 
which Mr. Pearson thinks may be critical.t However, some of the 
information is pertinent to his investigation. Fig. B and C show typical 
curves of the temperature-deformation relations obtained. When the 
relation was similar to that shown by Fig. B, the only value given in 
the table is that for the entire range. When the relation was similar to 

*T. F. Willis and M. E. DeReus, “Thermal Volume Change and Elasticity of Aggregates and Their 
Effect on Concrete,"" Proceedings, American Society for Testing Materials, Vol. 39, pp. 010 to 028, 1030. 


{Testa are now being made to determine the thermal coefficienta of these specimens over the range 
30 to + 40 F, 
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that shown by Fig. C, values are given for the complete range (slope 
of AB) and for both the higher and lower portions of the range (slopes of 
lines AC and BC), 


It is at onee evident that rocks having temperature-deformation 
curves similar to that shown in Fig. B have a fairly constant coefficient 
of thermal expansion over the range tested, and probably over a con- 
siderably lower range. On the other hand, rocks having temperature- 
deformation curves similar to that of Fig. C do not have a constant 
thermal coefficient over the test range. The coefficient for the upper 
part of the range is greater than for the lower portion of the range. 
Determinations by John H. Griffitht of the thermal coefficients of several 
middle western rocks show similar results for limestones and marbles, 
It is probable that many of these rocks have much smaller, or even 
negative thermal coefficients over the temperature ranges discussed by 
Mr. Pearson, Souder and Hidnert{ further confirm Mr. Pearson’s 
findings. Several marbles they tested have very small or even negative 
coefficients over temperature ranges encountered in the northern part 
of this country during winter, There is, therefore, no doubt that aggre- 
gates having small or even negative thermal coefficients occur, and 
there is evidence that they have been rather widely used in concrete. 

As a result of the investigation made of Missouri aggregates, it was 
found that the most serious disintegration, from the standpoint of both 
early inception and rapidity of progress, was always associated with the 
use of an aggregate type having a large thermal coefficient. In fact, as a 
generality, it can be stated that the concrete pavements, containing 
those aggregates which probably have the lowest thermal coefficients, 
have the best service record in this state, This is not in accord with 
Vir. Pearson's theory, but should be tempered by consideration of several 
factors: 


(a) The severity of service conditions from the standpoint of probable 
saturation of the concrete, There is no doubt that conditions of exposure 
for numerous areas of pavements in this state are such that the concrete 
would be fully as subject to saturation during fall, winter, and spring as 
the steps deseribed by Mr, Pearson, 


(b) The temperature eyeles prevalent in this state as compared with 
those under discussion by Mr. Pearson, ‘The most severe conditions in 
this state are probably milder than the conditions he describes, Occur- 
rences of au temperatures below zero I, are few, although certain sections 
of the state have numerous repetitions of 15 to 20 F, 


tJohon TL CGirithith Thermal Expansion of Typieal American Tocke,” Table 4, p, 21, Mulletin 128, lowa 
Mngineering bxperiment Station, Anes, lowa 

1W. 1, Souder and PV. Hidnert, Thermal lexpansion of Insulating Materials,” Scientific Paper No, 452 
National Wureau of Standards, pp, 411-417, (1010 
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(c) The fact that the aggregate types which cause trouble in this state 
are mineralogically quite different from those having low thermal coeffi- 
cients. The unsatisfactory results with the former probably result 
primarily from the effect of properties that overshadow any effect of 
thermal expansion. 

Probably the point to be emphasized from the above is that aggregates 
of low thermal coefficient have been used in concrete, subjected to 
relatively severe exposure, that has shown satisfactory durability. 

As Mr. Pearson stated, the calculation of the internal stress that may 
be set up in concrete due to difference in the thermal properties of the 
aggregate and cement paste is practically impossible. However, from 
approximations he reaches the conclusion that, in the case considered, 
the stress was probably sufficient to cause cracks in the cement matrix, 
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making it particularly vulnerable to frost action. The factor in such a 
calculation for which no data are available is the magnitude of the flow 
or creep of the cement matrix under tensile stress. It is possible that 
creep of the cement paste could prevent a large portion of the internal 
stress which would be set up if the cement matrix were completely 
elastic. Tests in this laboratory of neat cement specimens under com- 
pressive stress of 1680 psi. resulted in a flow of .000035 to .000070 ins. 
per in. in one hour. Information on the creep of neat cement specimens 
under tensile stress would be valuable to the establishment of Mr. 
Pearson’s hypothesis. 

To investigate his theory, Mr. Pearson made concrete specimens con- 
taining aggregates of low thermal coefficient and subjected them to 
freezing and thawing. As a measure of the deterioration of the speci- 
mens, their expansion was measured. 


In Fig. D the results of a series of tests picked at random from a large 
number that have been made in this laboratory are shown. There are 
several points of difference in test procedure which may affect any 
quantitative comparison with Mr. Pearson’s results, but it is thought 
that comparison of trends is justified. Study of the two upper and the 
lower left-hand diagrams shows that, if anything, Mr. Pearson’s criterion 
of failure (.1 to .2 per cent expansion) is too conservative. Of the five 
concretes which were tested until they showed 0.1 per cent expansion, 
all showed over 65 per cent loss in dynamic modulus and over 60 per cent 
loss in flexural strength. These values have been verified by a number 
of other series of tests performed in this laboratory. 


As was indicated by the pavement surveys, in the laboratory tests the 
two concretes (2 and 4) which show the least deterioration are those 
containing aggregates having the smallest thermal coefficients over the 
range 40 to 140 F., and each of these aggregates probably has a very 
small coefficient over the range of 0 to 40 F. On the other hand, the 
other five concretes, all of which show rather severe deterioration, con- 
tain aggregates having about the same relatively large coefficient (6.3 
to 7.0 x 10°) over the range 40 to 140 F. and a temperature-length 
change relation similar to Fig. B. Comparison of these results with Mr. 
Pearson’s is subject to the qualification that the aggregate groups of 
low and high coefficient are quite different in their mineralogical and sur- 
face characteristics; also, that the “‘low-coefficient” aggregates may not 
have as small coefficients as those used by Mr. Pearson. However, these 
and other similar tests parallel the findings of pavement surveys in this 
state that, as a rule, concretes containing the aggregate types having 
the smallest thermal coefficients have shown the greatest durability in 
service. 
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One fact prevents acceptance of Mr. Pearson’s test results as complete 
substantiation of his theory of the cause of the disintegration of the con- 
crete steps. In the tests as conducted, any effects of both the differential 
thermal expansion and the mechanical action of frost are exerted simul- 
taneously toward disintegration of the concrete. It is impossible to 
determine how much of the measured deterioration, if any, is due to the 
strains caused by differential expansion. The tests do show a tendency 
for the conecretes, containing the aggregate having the smaller thermal 
coefficients, to disintegrate most rapidly. However, there are exceptions 
which must be explained by reference to probable surface character- 
istics. Moreover, all the specimens that disintegrated at all did so very 
rapidly. Experience in this laboratory would indicate that compari- 
son of the rates and orders of magnitude of the disintegration of a series 
of concretes that break down as rapidly as those in Mr. Pearson’s tests 
may not be significant. In other words, repetition of Mr. Pearson’s 
tests might show the relative positions of some of the curves in his Fig. 1 
interchanged. 

The following is suggested as a test program that might throw addi- 
tional light on the importance of the role played by the thermal expansion 
of the aggregate: 

Make a series of similar concrete beams using the aggregate in 
question; cure 14 to 28 days moist. 

Dry all the beams in air at room temperature, measuring length 
change at intervals, until they have practically reached constant 
weight and length. Divide the series of beams into five sets, each 
set consisting of the same number (at least three and preferably 
five) of beams. 

Set (A)—Break in flexure at end of the drying period when 
treatment of Set (B), described below, is started. 

Set (B)—Subject these beams to 20 cycles of temperature 
change, in air, from 75 F. to —10 F., measuring length change 
every few cycles, then break in flexure. 

Set (D)—Continue these beams in drying room, measuring length 
change at intervals, until Set (B) is tested in flexure, at which time 
test this set in flexure also. 

Set (C)—Subject these beams to same temperature change as 
Set (B). After twenty cycles, place these in water at room 
temperature an soak for two days. Subject to freezing and thawing 
test, freezing in air at +15 F. and thawing in water at 40 F.* 
Measure length change every few cycles. 

*Use of this freezing and thawing cycle would reduce thermal volume change to a minimum at the same 


time causing, according to tests in this laboratory, almost as much destructive frost action as a lower 
freezing temperature. 
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Set (E)—Continue these beams in drying room until Set (C) is 
put to soak, then treat similarly to Set (C). 


Comparison of the test results of Sets (A), (B), and (D) should give 
some information on whether the differential thermal contraction between 
aggregate and paste per se, without help from the mechanical action of 
frost, causes material disintegration of the concrete. It is possible, of 
course, that the internal strains would cause only incipient cracks which 
would fail to be reflected by the not-so-delicate flexure test. Also, the 
concrete subjected to the drying treatment outlined for these sets might 
be better able to withstand the expected internal strains caused by diff- 
erential thermal volume change, since the cement matrix of this dry 
concrete would probably have greater plastic flow, greater strength, and 
smaller elastic modulus than the saturated concrete Mr. Pearson de- 
scribes.t Nevertheless, there is sufficient possibility of obtaining direct 
evidence of the internal stress to warrant the tests. 


Comparison of the rate of expansion of Sets (C) and (E) under freezing 
and thawing should be illuminating. If differential thermal volume 
change of the paste and aggregate causes sufficient stress to crack the 
matrix, Set (C) should take up water faster and in greater quantity than 
Set (E) and under subsequent freezing and thawing should expand 
much more rapidly. Tests in this laboratory have shown that concrete 
which has partially deteriorated under freezing and thawing, then been 
allowed to ‘heal’ until most of its original strength is regained, will 
deteriorate at a much more rapid rate under subsequent freezing and 
thawing than it did initially. 


Still another series of tests would give generalized information on the 
part played in the freezing and thawing test by ‘thermal heterogeneity’ 
of concrete. The series would consist of sets of concrete specimens, using 
glasses of different thermal expansion as coarse aggregate in each set. 
Vycor glass would provide the aggregate of low thermal coefficient 
(.0000005 in. per in.) and other glasses are available, the thermal coeffi- 
cient of which, range from .000002 to .000007 in. per in. per degree F. 
By using glass as coarse aggregate, the effects of surface texture and ab- 
sorption, which would be factors in any tests using natural coarse aggre- 
gates having different thermal coefficients, would be practically elimin- 
ated. 


Despite the tenor of part of this discussion, there is no feeling that the 
information presented invalidates Mr. Pearson’s thesis. Even though 
his evidence like the apparently contradictory information which is 

tRaymond E. Davis and G. E. Troxell, ‘‘Modulus of Elasticity and Poisson's Ratio for Concrete, and 
the Influence of Age and Other Factors Upon These Values,’’ American Society for Testing Materials, Vol. 


29, Part II, (1929), principally pp. 700-701. 
Also Herbert J. Gilkey’s and Frederik Voght’s discussion of above paper, Ibid. 
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presented herein, is inferential rather than direct, Mr. Pearson’s work 
has resulted in some pertinent indications that the thermal character- 
istics of the aggregate played a prominent part in the concrete disintegra- 
tion he describes. However, too often an explanation of one concrete 
failure is seized on as a likely explanation of many others. Mr. Pearson 
warns against taking an alarmist view of the possibilities of damage from 
low coefficient aggregates. One of the principal intents of this discus- 
sion is to emphasize this warning by pointing out a case where concretes 
containing aggregates of low thermal coefficient have given service that 
is satisfactory, much more so than concretes containing the available 
aggregates of higher thermal coefficients. 


CLOSURE BY MR. PEARSON 


In bringing this account of a cast stone failure to the attention of the 
Institute, the writer realizes full well that his deductions indicate a 
possible source of trouble in concrete which heretofore has been largely 
disregarded except in theory. Therefore, the extensive discussion is 
gratifying, and the fact that some of it indicates skepticism in regard to 
the conclusions reached does not make it less valuable nor less welcome. 


Mr. Meissner has contributed interesting data which, from his close 
association with extensive concrete researches and field experience, should 
be given a good deal of weight. But the data in his Table A indicate 
concretes of such very low resistance to freezing and thawing that many 
other things need to go into the record beside the tabulation of thermal 
coefficients. In such comparisons it is very necessary that the concrete 
be inherently of high resistance to freezing and thawing, this being 
demonstrated either by complete records, or preferably, by blanks which 
show the behavior of normal aggregate concrete under the conditions of 
test. Likewise, the evidence in Mr. Meissner’s Table B is rather negative 
in its relation to the effect of thermal coefficient; it merely emphasizes 
how completely details of tests must be recorded to enable interpretations 
to be made. However, this same sort of criticism applies more or less 
to the writer’s own work, for the quantitative effect of high shrinkage 
of the matrix against a rigid low coefficient aggregate has not been 
segregated from the over-all effects of freezing and thawing. This will 
evidently have to be done before a convincing demonstration of the effect 
of low thermal coefficient aggregates can be made. 


It is in this respect that Messrs. Reagel and Willis’ discussion is parti- 
cularly helpful. These gentlemen have rightly emphasized that the 
effect of creep of the cement matrix on the mitigation of internal stresses 
can neither be evaluated nor disregarded, and it is to be hoped that they 
will carry out the program of further tests in the manner they propose. 
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Also their own: field experience is not to be disregarded in its bearing on 
the problem, as furnishing evidence apparently contradictory to that 
presented in the paper. But again it seems pertinent to point out that 
many things other than thermal coefficient affect durability, and that 
usually there are too many unknowns contributing to net results in the 
field to permit generalization on the effects of a single adverse factor. 

This point seems to be well illustrated in Mr. Hornibrook’s account 
of deterioration in a concrete stadium. Thermal coefficient of aggregate 
was in this case low enough to have been a contributing factor, but 
suspicion would attach also to the use of crystalline limestone for both 
fine and coarse aggregate, to the harshness of the mix, and to the severity 
of exposure in regard to moisture and temperature. The diagnosis in a 
case of this sort involves the careful weighing of a number of things that 
may contribute to disintegration, and usually there is no means of 
assigning exact weights to the different factors. 

Both Mr. Hornibrook and Mr. Swayze have called attention to the 
fact that calcite crystals have a high positive thermal coefficient along 
one axis and a smaller negative coefficient perpendicular to this axis. 
This behavior would seem to have a particularly disruptive effect under 
extreme temperature alternations, and probably accounts for the pheno- 
menon known as “sugaring,’”’ observed in certain types of coarsely 
crystalline calcites and marbles. However, there is some reason to dis- 
count this type of double deformation or volume change as contributing 
materially to the early failure of concrete. In general, the larger pieces 
of aggregate in this type of material are agglomerates of crystals, and it 
seems to be the over-all thermal coefficient of such material that deter- 
mines the major disruptive stresses. At least, this was presumably the 
case with the dolomitic marble discussed in the paper, because the 
effect of 300 cycles of freezing and thawing on 200 pieces of the aggregate 
was merely to split a few pieces and to produce half a thimbleful of fine 
grains. It is therefore the writer’s present opinion that the over-all 
coefficient of the aggregate in the vicinity of the freezing point and 
below is the one of major significance in this problem, 

Messrs. Young and Kellam have used 4-in. cube specimens for thermal 
coefficient determinations, which seem to have the merit of economy, 
as well as the advantages of slow temperature change while measure- 
ments are being made in three mutually perpendicular directions. The 
only disadvantages seem to be the necessarily long time required for such 
specimens to arrive at temperature equilibrium, and the very careful 
manipulation procedure required for accurate calipering. 


In attempting finally to weigh the evidence for and against the theory 
of failure set forth in the paper, and bearing in mind that the concrete 
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in this case was of high quality by all the usual criteria for well made 
concrete, the writer sees clearly only two major factors that could account 
for the failure, (1) a low thermal coefficient aggregate which caused high 
internal stresses in cold weather, (2) an unusually severe exposure which 
at the worst might be considered comparable to conditions imposed in 
laboratory freezing and thawing tests. The relative effects of these two 
factors cannot be determined quantitatively from the data available 

it is merely known that the test bars were visibly succumbing to frost 
action after some 20 cycles of freezing and thawing, and if Messrs. Reagel 
and Willis’ implied end point of 0.1 per cent expansion were accepted, 
then this apparently high quality concrete failed at about 16 cycles. 
Normal concrete just does not fail that early in freezing and thawing tests 
of this sort (freezing immersed at zero F., thawing immersed at 70 F.), 
and therefore it seems necessary to fall back on the effect of low thermal 
coefficient as the correct explanation. Perhaps the apparently conflicting 
evidence brought out in the discussion may not conflict if one imagines 
the internal stress set up by the restraint of the aggregate at low tem- 
peratures to act as a sort of primer for severe frost action, possibly through 
formation of sub-microscopic cracks or strains, which may have relatively 
little effect in the absence of icing conditions. However, the actual 
mechanism of failure in cases of this sort ought to be made clear by further 
studies. There seem to be no insurmountable difficulties in the way of 
vetting all the information needed. 
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SYNOPSIS 

The purpose of this investigation was to determine the distribution of 
bond stress in pull-out specimens. Thirty-six 6- by 18-in. cylindrical 
concrete pull-out specimens containing 34-in. diameter round bars were 
tested. There were 4 types of deformed bars and 2 types of plain bars 
(hot and cold rolled). The bond stress at the loaded end of all bars 
except the cold rolled bar, varied approximately linearly with the applied 
load. The bond stress at the loaded end of the deformed bars was 
considerably greater than that at the free end. 


1. INTRODUCTION 

The distribution of bond stress was determined for six types of steel 
bars embedded in 6 x 18-in. concrete pull-out specimens. One series of 
18 pull-out specimens was designed to permit measurement of strain at 
the quarter points along the embedded bars. In another series of 18 
specimens only the overall elongations of the embedded bars were 
measured. Concrete of the same proportions was used throughout and all 
specimens were cured in moist air and tested at the age of 28 days. 

ll. MATERIALS 
1. Steel bars 

The six types of steel bars tested are shown in Fig. 1. The plain bars 
A and B (cold and hot rolled) were obtained from the stock of the ma- 
chine shop of the Bureau, while the deformed bars of intermediate 
grade (C to F) were purchased to conform with Federal Specification 
QQ-B-71a, grade 2. 

The diameters of the plain bars (A and B) were determined by microm- 
eter calipers, while those of the deformed bars were determined from 
the length and weight measurements of the bars. The yield point of 
the steel bars was determined in a 100,000 lb. capacity testing machine 
of the beam and poise type by observing the drop of the beam. 


*Received by the Institute, Nov. 30, 1940. a 
+Asst. Materials Engineer, National Bureau of Standards, Washington, D. C, 
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The physical properties of the steel bars are given in Table 1. 
TABLE 1.—PHYSICAL PROPERTIES OF THE STEEL BARS 





i . . Modulus of 
Type of Diameter Yield Point Tensile Strength Elasticity 
ar in In. p.s.1. p.s.i. 10° p.s.i. 
A . 750 say 93,300 29.6 
B 756 50,100 88,400 29 5 
C 747 43,300 74,000 28.8 
D .749 47,900 80,300 29.2 
| E 739 45,200 75,100 29 9 
| F 742 48,500 84.400 29.7 
r 2. Concrete 
if The concrete was proportioned by weight in the ratio of 1:2.8:3.2. 
if The portland cement met the requirements of Federal Specification 
| SS-C-19la for Portland Cement. The fine aggregate was Potomac 
| River concrete sand. (Table 2.) 
TABLE 2—GRADING OF POTOMAC RIVER CONCRETE SAND 
% U.S. Standard Percentage Passing 
Sieve No. (by Weight) 
i! 4 98.3 
8 87.3 
16 77.1 
30 60.0 
{ 50 21.6 
100 2.3 


The coarse aggregate was Potomac River gravel and consisted of 
two fractions: 37.5 per cent was No. 4 to % in. gravel and the remainder 
ranged from % to 34 in. The concrete contained about 5.7 bags of 
cement per cu. yd.; the water-cement ratio by weight was 0.65, and 
the slump approximately 2 in. 

The average compressive strength of 6 x 12-in. cylinders of the con- 
crete cured in moist air, was 4310 psi, and the modulus of elasticity 
was 4,010,000 psi at 28 days. 


ill, PULL-OUT SPECIMENS 
1. Description of test specimens 


Two series of 6 x 18-in. cylindrical pull-out specimens containing 
34 in. round bars were tested. The specimens of the first series were 
designed for measurement of distribution of stress along the bar by 
providing twelve 14-in. openings arranged along two diametrically oppos- 
ite sides of the bar (Fig. 2 and 3). These openings exposed the embedded 
steel bar at gauge points and permitted measurement of tensile strain 
at the quarter points of the bars. 
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Fig. 1 (above)—Reinforcing bars. 
All bars have a nominal diameter of 
34 in. Bar A is a smooth cold rolled 
bar; bar B is a hot rolled bar having 
a mill scale surface; bars C, D, E and 
F are deformed bars of intermediate 


grade. 


Fig. 2 (left)—Perforated pull - out 
specimen with strain transfers mounted 
at quarter points along diametrically 
opposite sides of the embedded bar. 
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Fig. 3 (above)—Strain transfer with a 2-in. Tuckerman 
optical strain gauge. 








Fig. 4 (left)}—Solid pull-out specimen with extenso- 

meter mounted for measurement of overall elongation 

of the embedded bar. The - of the free end of the 
t 


bar was measured by means of the micrometer dial. 
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The openings for exposing the steel bar were made by 4-in. round 
steel rods cast into the concrete. During placing of concrete in the 
molds, these rods were held in place by slots in the mold at one end 
while the other ends fitted into ly in. holes drilled in the side of the 
embedded bar. These holes served also as gauge points for the strain 
transfers which were inserted into the openings during the test. These 
rods remained undisturbed in the specimen until the day previous to 
testing, and then were removed by twisting with pliers. 


The specimens of the second series (Fig. 4) were cast solid and were 
used for determining the overall elongations of the embedded bars. 
These data were intended primarily to provide an independent check 
on the measurement of distribution of stress by comparing the clonga- 
tions observed in the solid specimens with the values computed from 
known stresses and elastic properties of steel bars in the perforated 
specimens, 


2. Strain gauges 


Tension in the embedded bars was measured with 2-in. Tuckerman 
optical gauges mounted on strain transfers which reduced the measured 
deformations to about two-thirds of the actual value. The strain trans- 
fer (Fig. 3) consisted of two Ye-in. diameter pointed drill rods fastened 
to a crosspiece by means of two flexure plate hinges; the pointed ends 
were seated in lg in. diameter gauge holes in the side of the steel bar, 
while the other ends supported the Tuckerman gauge. Two such strain 
transfers mounted for calibration on bar F are shown in Fig. 5; the 
transfers were supported by a stress-free frame which was clamped to 
the steel bar at the top and was maintained in alignment by flexure 
plates attached to the pull-out specimen at the bottom. 


The strain transfers were calibrated in pairs by observing the simul- 
taneous values of tension in the calibration bar and the readings of the 
two gauges, The strain transfers were similarly paired when used on 
the pull-out specimens, 


The extensometers used in measuring the overall clongations of em- 
hedded bars in the solid specimens consisted of two 2-in. Tuckerman 
gauges mounted on extension bars (lig. 4); during the test, the exten- 
sion bars were attached to the free end of the bar by means of flexure 
plate hinges, while '4-in. diameter pointed drill rods transferred the 
strain in the bar to the Tuckerman gauges in the ratio of 3.42 to 1. 
The extensometer was calibrated against a pair of Tuckerman gauges 
which were mounted on the calibrating device and measured the move- 
ment imparted to the extensometer. The dimensions and operation of 
the extensometers are shown in Fig. 6. 
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3. Method of testing 


(a) Perforated pull-out specimens—The lower faces of the pull-out 
specimens were capped with a neat mortar of plaster of paris and the 
caps were allowed to harden one day before test. The plaster-capped 
faces of the pull-out specimens were supported on a spherical bearing 
block having a l-in. hole in the center, and were tested in a 100,000-lb. 
capacity testing machine of the beam and poise type. An initial load of 
200 to 300 Ib. was applied and the initial readings of the strain gauges 
were noted. The load was applied thereafter in increments of 1000 or 
2000 Ib., depending on the expected maximum load. The initial slip of the 
free end of the bar was observed by means of 0.0001-in. micrometer dial 
supported on the top of the pull-out specimens adjacent to the free end 
of the bar. Strain readings were not observed after the applied load 
had passed its maximum value, since the strain transfers were found 
to have appreciable backlash and did not give a correct measure of the 
decreasing tension in the bar. 

(b) Solid pull-out specimens.—The solid specimens were capped and 
tested in a manner similar to that described, except that the specimen 
rested on two circular segments attached to the face of the spherical 
bearing block, the segments being spaced 1 in. apart to provide a gap 
for inserting the lower arm of the extensometers; the extensometer was 
engaged at two gauge holes drilled in diametrically opposite points *% in. 
below the bearing surface of the pull-out specimen. 

The initial reading of the extensometer was noted at a load of about 
50 Ib. and the load was applied thereafter in increments as described. 


IV. RESULTS AND DISCUSSION 
1. Perforated pull-out specimens 

Mach set of curves (Fig. 7 and 8) represents the average data ob- 
tained with the three specimens containing bars of the same type. The 
maximum loads indicated on these curves are approximately those pro- 
ducing failure of the pull-out specimens. The loads at first slip and 
maximum loads for individual specimens are given in Table 3. 

The distribution of tensile stress in the embedded bars is shown in 
Fig. 7; the values of tension at the quarter points of the bars are those 
computed from the strain transfer readings, while the tension at a dis- 
tance of 18 in. from the free end is the load applied to the specimen by 
the testing machine. The curves in Fig. 8 show the distribution of 
bond stresses, which were estimated from the slope of curves in Fig. 7 
and the perimeters of the embedded bars. It is emphasized that the 
error involved in fitting smooth curves to the experimentally obtained 
points of Fig. 7 was further magnified in measuring the slopes of these 
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TABLE 3.—LOADS AT FIRST SLIP AND MAXIMUM LOADS IN PULL-OUT 


SPECIMENS 
Perforated Specimens Solid Specimens 
Bars 
l 2 3 Ave. ] 2 3 Ave. 
Loads at first slip, lb.(*) 

\ 3010 2940 3500 3150 3040 3090 3070 
B S600 7250 7920 11100 11150 10900 11050 
( 10450 9020 15350 11670 7580 9130 11800 9500 
D 14720 12120 13420 15700 16060 17420 16390 
i 14950 11750 13020 13240 12330 8130 11780 10750 
| 16570 8500 12900 12660 15700 15000 15350 

Maximum loads, lb. 

\ 3600 3400 3500 3500 3950 3090 1360 3800 
B 11200 11400 10660 11090 15660 14500 14770 14980 
C 19040 18330 18900 18760 17240 18000 17400 17550 
DD 21000 20850 21150 21000 20160 20100 20360 20210 
1D 19600 19520 19360 19490 18920 19000 19480 19130 
Ih 21200 28060 21350 23540 19860 19900 20600 20120 


1)§ These loads were estimated for a slip of 0.0001 in. at the free end of the bar from plotted load-slip 
curves, except where the load corresponding to this value of slip was observed during the test. 
NV ote Jars A and B failed in bond, while all other bars failed by yielding in tension 


curves for estimating the bond stresses shown in Fig. 8; this is particu- 
larly true for the relatively steep portions of the curves in Fig. 7 for 
the deformed bars. 


For the smooth cold rolled bar A, the bond stress at the loaded end 
of the bar increased with the applied load up to a load of 2000 Ib. As 
the applied load was increased further, the bond stress decreased at the 
loaded end. The bond stress at the free end increased rapidly, from 
zero stress, as the load increased from 3,000 to 3,500 Ib., until, for the 
maximum applied load of 3,500 lb. the greatest bond stress of 150 psi 
was developed at the free end. A similar shifting of the location of the 
maximum bond stress was indicated by the data of Gilkey et al for 
plain bars.* The results obtained by Glanville? for smooth tubes em- 
bedded in pull-out specimens were in accord with the observation that 
the greatest bond stress for the smooth cold-rolled bar A was developed 
at the free end for the maximum applied load. 


For the hot rolled bar B, the bond stresses at both ends of the pull- 
out specimen tended to become equal as the applied loads approached 
the maximum value. 


There was some similarity among the bond stress distribution curves 
for the four deformed bars C to F, at loads above those producing first 


*Proceedings, Highway Research Board, Vol. 18 (1938) p. 114-129 
tBldg. Res. Techn’ Paper No. 10, Dept. of Scient. and Ind. Res., London (1930). 
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Fig. 8—{Continued from p. 46) 
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Fig. 9—Computed bond stresses at ie loaded end and at mas cam of the bars plotted 
against the tension in the bars at those points. 

slip. For these loads, the bond stress at the loaded ends was consid- 
erably higher than that at the free ends of the bars. 

As shown in Fig. 9, the bond stresses at the loaded ends of all bars 
except bar A, varied approximately linearly with values of tension at 
the loaded ends. Similar data plotted for sections of bars at the mid- 
length of the pull-out specimens showed more irregularity than the 
data of the previous group. 

The perforated specimens containing plain bars A and B failed 
bond, while the deformed bars C, D, E and F failed in tension during 
the pull-out tests. Since the deformed bars failed in tension, the maxi- 
mum bond stresses characteristic of these bars were not developed 
during these tests. 

The load-slip relation was determined for each specimen tested (data 
not presented), and the results were found to be in accord with com- 
parable data obtained by other investigators. No consistent relation 
between the slip at the free end and the corresponding bond stresses 
was found for any of the bars tested; the discrepancies among individual 
specimens of one kind were of the same order of magnitude as the differ- 
ences observed for specimens containing different types of bars. 


2. Solid pull-out specimens 


The average observed elongations of the bars in solid specimens for 
each of the six types of bars are shown plotted against the correspond- 
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ing computed elongations in the perforated specimens in Fig. 10. The 
elongations of bars in perforated pull-out specimens were computed 
from the measured areas under the stress distribution curves shown in 
Fig. 7. With the exception of the deformed bar E, the computed elonga- 
tions were either equal to, or somewhat greater than, the corresponding 
observed elongations. 


The manner of failure of the solid pull-out specimens was the same 
as that described for corresponding bars in the perforated pull-out 
specimens. 

V. SUMMARY 


1. The bond stresses developed at the loaded ends of the deformed 
bars were considerably greater than those at their free ends for all loads; 
for the hot rolled bars, the bond stresses at both ends of the bar tended 
to become equal as the applied loads approached the maximum values, 
while for the cold rolled bars the bond stress was greatest at the free 
end and decreased at the loaded end as the load reached its maximum 
value. 

2. The bond stress at the loaded ends of all bars except the smooth 
cold rolled bar A, varied approximately linearly with the applied load. 

3. With the exception of the deformed bar E, the computed elonga- 
tions of bars in perforated pull-out specimens were equal to or somewhat 
greater than the observed elongations in the solid pull-out specimens, 
for corresponding loads. 


4. The full values of the bond strengths were not developed for the 
deformed bars C to F, which failed in tension during the pull-out tests. 
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5. The results cited were observed for specimens in which the ratio 
of the length of embedment to the diameter of bars was 24, and the 
bars were 34 in. in diameter. They are not necessarily valid for steel 
bars whose surface characteristics or dimensions are different from 
those described. 


Acknowledgement is made of the cooperation of C. W. Ross who 
assisted in carrying out the tests of the pull-out specimens. 


Discussion of this paper should reach the ACI Secretary in triplicate 
by Mar. 1, 1942, for publication in the JOURNAL for June, 1942 
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Discussion of a paper by David Watstein: 


Bond Stress in Concrete Pull-Out Specimens* 


By BENGT FRIBERG? 


Credit is due the author for carefully prepared and executed tests. 
The Data are a valuable addition to the understanding of the bond 
behavior, a problem still requiring much fundamental knowledge. 


The greatest hindrance to accurate interpretation of bond phenomena 
has been the lack of conformity between the pull-out test and conditions 
existing in critical structures. May these tests help to eliminate con- 
ventional pull-out test for research purposes. 


For loads near ultimate, bond stresses along the deformed bar speci- 
mens varied over 30 per cent of the bond stress at mid-point. The con- 
crete compression near the bearing block clearly influenced the tests 
sufficiently to preclude accurate comparison between the different 
types of deformed bars. This influence being excessive for 18-in. em- 
bedment, it would be greater still for common, shorter pull-out specimens. 


The tests illustrate that characterization of bond performance as 
load for first slip at the unloaded end of a pull-out specimen is an in- 
definite evaluation of bar performance. Data for short pull-out speci- 
mens indicate first slips at substantially the same load for plain and 
deformed bars. In these tests the loads at first slip were for deformed 
bars from 108 to 155 per cent of the load for plain bar. The ultimate 
loads for the deformed bar ranged from 139 to 168 per cent of the plain 
bar load, 


In addition to a critical exposure on the pull-out test for research 
purposes, the paper contains information from which some character- 
istics of bond behavior may be deduced, at least for the center half of 
embedment where the bearing block influence is not excessive. The 

*ACI Jounnat, Sept. 1041; Proceedings V. 38, p. 37. 


tLaclede Steel Co., St. Louis, Mo. Now, Senior Engineer (Civil), Corps of Engineers, St. Louis, Mo 
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data in the paper on that subject are limited to the small diagram in 
Fig. 9 of the paper. 

The author has related the bond stress to tensile stress in the bar. 
Actually, bond development being a surface phenomenon, it should be 
related to the relative change in position of points at that boundary 
line, as represented by longitudinal deformation of the steel cross- 
section. The writer has plotted these data in Fig. A. The longitudinal 
deformations are represented by the areas under the author’s steel 
stress curves from point of zero stress. Stress at the three quarter 
points only have been studied except for the cold rolled bar which is 
less influenced by bearing block restraint. 
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Fig. A—Bond between concrete in compression and steel in tension related to longi- 
tudinal steel deformation for hot rolled deformed and plain bars and cold rolled bars 


The graph shows a minimum bond resistance, uniform for all the 
bars, of about 150 psi, which is reached before any substantial longi- 
tudinal deformation occurs. Thereafter the bond development is greatly 
influenced by the bar characteristics. 

The value of steel elongation does not represent exactly the relative 
movement between a steel cross-section and adjacent concrete. This 
deflection may be 15 to 20 per cent greater than the steel elongation 
for these specimens. If longitudinal deflections at the unloaded end 
of the bars had been included, the longitudinal deflection data could 
have been extended up to and beyond customary steel working stresses. 
These may be estimated to exist in the deformed bars at steel elonga- 
tions of .004 in. or more. 

Similar information obtained for other concrete strengths and for 
bars encased in concrete in tension could be expected to yield important 
information of value in concrete design. 


Other literature references indicate that the minimum bond stress 
for zero movement of 150 psi may recur for conditions different from 
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these tests. The 150 psi could in that case be considered 


as a bond 
Bond working stresses may then not 


yield point. need to be limited 
to greatly below that value, considering the great additional safety in 
bar deformations. 


The greatest possible conservation of steel is now of the utmost im- 
portance. Full advantage should be taken of increased working stresses 
wherever increased material knowledge, conditions of loading or occu- 


pancv justify a temporary departure from established safety standards. 
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Temperature Effects Near Concrete Surfaces as Affected 
by Heat Liberation of Cement* 


By LOUIS R. FORBRICH + 


Member American Concrete Institute 


SYNOPSIS 


This paper attempts to show by computation temperature changes and 
temperature distributions near formed surfaces of some typical concrete 
structures before and after removal of forms. The computations showed 
that near the surfaces temperature rises of 25 to 45 F. may be expected 
in 11% to 6 ft. concrete sections. Removal of forms as early as possible 
before the maximum temperatures occur, or, if this is not practical, 
removal of forms as late as possible, is indicated as a means of reducing 
the danger of cracking due to thermal effects. The use of an additive 
material for reducing early heat liberation of the cement may be effec- 
tive in reducing temperature rise and cracking tendency of concrete. 


INTRODUCTION 


Since cracking of concrete structures is attributable to a considerable 
extent to temperature change, particularly to the drop in temperature 
from the maximum produced by the heat of hydration of the cement, to 
the ultimate stable temperature, control of these temperature effects 
assumes importance. The heat evolved and the temperatures attained 
depend on many factors, such as type of cement, mix design, initial 
temperature of materials, size of structure and many others. These 
factors have already received considerable attention with respect to 
interior temperatures of large structures, but only in a few instances have 
temperature effects near surfaces been given consideration. 

In a paper by Carlsonf{ in 1938 on temperatures and stresses in mass 
concrete it was suggested that temperature conditions at surfaces may 
have greater significance with respect to thermal cracking than tempera- 
ture conditions in the interior of a mass of concrete. It was pointed out 
~~ *Received by the Institute April 25, 1940. 
te cee & Cement Co., Youngstown, Ohio; formerly with Master Builders Research 


tRoy W. Carlson: Temperatures and Stresses in Mass Concrete. ACI Journat, March-April, 1938; 
Proceedings V. 34, p. 497. 
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that because the interior ordinarily cools gradually, allowing plastic 
flow to relieve stress, the concrete is capable of withstanding relatively 
large temperature drops without cracking. At surfaces, on the other 
hand, the concrete is usually subjected to rapid cooling, while the interior 
is still warming, and therefore, cracking may be more readily initiated. 
When surfaces are covered by thick wooden forms, which act as insulators 
to retard the dissipation of heat, this condition may become critical. 
For example, when concrete is placed according to modern practice the 
surface immediately inside the forms usually has its maximum tempera- 
ture rise after about 2 or 3 days. If the forms are removed at this time, 
and they frequently are, the surface may cool rapidly and cause cracking. 
Thus it seems that if temperature changes at surfaces can be controlled 
so as to prevent cracks from starting, then temperature effects in the 
interior would probably not cause cracking. However, it is not suggested 
that interior temperatures can be considered lightly; they do have an 
important bearing on the cracking problem, since they affect the ultimate 
size of the cracks and the extension of the cracks from the surface to the 
interior, although they may not be the initial cause of cracking. 


In view of the present interest in temperature effects near surfaces 
especially beneath wooden forms, it seems desirable to study some of 
the pertinent factors involved. Because temperatures of formed surfaces 
are mostly affected by the heat evolved during early periods of hydration 
this paper will be concerned primarily with temperature effects up to 
7 days for some typical structures. These wili include not only relatively 
thick sections such as are usually considered as mass concrete but also 
thinner sections not usually so regarded. A section of the paper will be 
devoted to a consideration of the effect of an additive material called 
HR-20*, which has been shown in a previous paper,f to reduce the early 
heat liberation of cements. 


Because temperatures in concrete are affected by so many variables 
which are not easily controlled, it would be difficult to investigate this 
subject experimentally or by studying concrete already in service. 
Therefore, the effects of the variables considered in this paper will be 
shown by computation, since it has been shown that computed tempera- 
tures check closely with observed temperatures under known and con- 
trolled conditions. For concrete containing HR-20, experiments have 
shown that the actual temperature rise is not quantitatively in accord 
with that computed from data obtained on neat cements, as illustrated 


*Composition of HR-20: 


Parts by wt. 
Calcium Lignin Sulphonate....... 0.300 
Ortho-hydroxy Benzoic Acid...... .075 
te Ccsnddaaeeeesensees .625 


+L. R. Forbrich: The Effecta of Various Reagents on the Heat Liberation Characteristics of Portland 
Cement, ACI Jounnat, Nov. 1940; Proc. Vol. 37, p. 161. 
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STANDARD CEMENT 


4.0 SACKS PER CUse YOo 


PLAIN CONCRETE 


ADIABATIC TEWP, RISE -°F 





o 1 3 7? 14 
AGE = DAYS 


Fig. 1—Computed adiabatic time-temperature curves 


below, so that the computations relating to HR-20 concrete can only be 
considered to indicate trends. 


METHODS OF COMPUTATION 


The method of computation of temperatures was the simplified method 
developed by Carlson*. The thermal properties of the plain and HR-20 
concretes were assumed to be the same. The thermal conductivity and 
diffusivity of the concrete and wood used in the computations were as 
follows: : 


W ood Concrete 
Thermal Conductivity —k 1.80 36.0 BTU per ft. day deg. F. 
Diffusivity—h? forks . 0.13 1.0 sq. ft. per day 


For the purpose of simplicity, the initial temperature of the concrete, 
and the temperature of rock, wood, and ambient atmosphere were 
assumed to be constant at 0°F. Thus an initial concrete temperature 
of 0°F., may actually mean a temperature of 60 or 70F., as the case may 
be. Temperature rises, therefore, represent the temperature rise above 
the initial temperature. For the computation of the temperature distri- 
bution within a monolith it was assumed that heat flows only in the 
vertical direction, while for the computation near surfaces or in walls, 
it was assumed that the heights of the sections were infinite and that 
heat flowed only in the horizontal direction toward the forms. 

The adiabatic time-temperature curves for concrete containing 4 sacks 
of a standard (normal) portland cement per cubic yard shown in Fig. 1 
and for conerete containing 51% sacks cement (not shown) were the basis 
of all the computations of temperature rise. These curves which represent 
the temperature rise of the concrete if no heat were lost, were computed 


*Roy W. Carlson: A Simple Method for the Computation of Temperatures in Concrete Structures, 
ACT Jounnat, Nov.-Dee., 1937; Proc. Vol. 34, p. 89. 
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from data obtained on neat cement pastes by means of the conduction 
and heat of solution calorimeters.* 


RESULTS OF COMPUTATIONS 


Temperature variations near vertical surface of a monolith 


In Fig. 2 the computed temperature rise of concrete near the formed 
surface of a monolith is shown. The concrete represented was assumed 
to be placed in 5 ft. lifts every 5 days and to contain 4 sacks of standard 
(normal) cement per cu. yd. The curves in both diagrams, are for the first 
lift covered on the vertical side by a 0.2 ft. wood form and were computed 
from the average temperature rise of the first lift which in turn was com- 
puted from the adiabatic time, temperature curves shown in Fig. 1. 





: Fig. 2—Temperature changes and 
vay yp ge oo isa temperature distribution in a 5-ft. lift 
O.2 FT. WOOD FORMS A , J 
STANDARD CEMENT of a monolith showing the influence 


4 SACKS PER CU. YD. of form removal. 





























& 
° 
‘ 
. 
a 
2 
ws 
~ 30 p—————,c¢ - 3 oays 
2 - 2 ae ” i a ee a 
o EMPERATURE DROP IN 2 OAYS / 
= AFTER FORM REMOVAL a _ 
<0 7 717 us ae Moved 
, 4 L., (FoF 
« ‘ef } 
“10 oa 
w i 
° ih 
4 / 
= 
& 0 
° 1 2 3 4 5 6 


DISTANCE FROM FORMED SURFACE = FEET 





30 


FoRMS 
REMOVED 


3 IN. DEPTH. 


oe a a 


be “. 
” = 
0 


° 1 2 3 4 5 6 7 
OAYS AFTER PLACING FIRST LIFT 


20 





4ForRmS REWwOVED 


4 





























CHANGE FROM PLACING TEMP, -°F 


In the lower diagram of Fig. 2 the effects of stripping of forms on the 
temperature of concrete 3 in. from the vertical surface are presented. 
The solid lines represent temperatures 3 in. from the surface with the forms 
in place; the broken lines represent the temperatures after the forms 
have been removed. When the forms are removed at 3 days it is seen 
that the concrete has just reached its maximum temperature, and, at 3 
in. from the form, the temperature of the concrete drops over 20 F. by 
the following day. 


*Roy W. Carlson & L. R. Forbrich; Correlation of Methods for Measuring Heat of Hydration of Cement. 
Ind. Engr. Chemistry (Anal. Ed.) 10 (7), 382-6, 1938. 
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If the forms are allowed to remain in place for 5 days, the computed 
temperature drop following the removal of forms is only about 10 F. 
because the temperature of the concrete has been slowly falling between 
the 3rd and 5th days. However, allowing the forms to remain in 
place 5 days instead of 3 days does not affect the total temperature 
drop from the maximum, but it does reduce materially the rate of tem- 
perature drop, which, of course, is important because the slow rate allows 
plastic flow to relieve stress more effectively. It would seem, therefore, 
that removal of the forms is desirable as early as possible, before the 
maximum temperature is reached, and that it would be advantageous 
both to delay and reduce the maximum. If the forms are not to be 
removed before the maximum is reached then removal as late as possible 
would seem beneficial. 

In the upper diagram of Fig. 2 the computed temperature distribution 
from the vertical formed surface to a point 6 ft. within the monolith is 
shown at the time the forms are stripped and 2 days later. The shaded 
portions of the diagram represent temperature drop following form 
removal. While cracking of this concrete, especially at the surface, may 
not occur, it probably is not far from the critical point for 4 sack concrete. 
As mentioned before, the magnitude of these effects, and hence the 
danger of crack formation would be dependent further upon the ambient 
temperature, particularly upon rapid temperature changes. 

Temperature variations in concrete walls 

In Fig. 3 the temperature variations in an 18-in. concrete wall are 
shown. The concrete was assumed to be made with 5% sacks of standard 
(normal) portland cement and the forms to be *4 in. plywood. Both 
sides of the wall were exposed to the air and the forms were stripped at 
the end of 2 days. 

In the lower diagram of Fig. 3 the computed temperature rise of the 
concrete 3 in. from the formed surface is shown; the broken portion of 
the curves represent the temperature drop following form removal. 
The diagram shows that a temperature rise of more than 25 F. may 
occur at a point 3 in. from the surface up to the time the forms are 
removed. After the forms are removed a temperature drop of about the 
same magnitude may occur within two days, with almost the entire drop 
occurring during the first day following form removal. 

In the upper diagram of Fig. 3, the computed temperature distribution 
in the same wall is shown. The curves represent only one half the thick- 
ness of the wall; the curves are symmetrical for the other half. It is 
clear that in a wall of this thickness made with 5% sacks of cement per 
yard of concrete, temperature drops of 25 F. within 2 days, throughout 
the entire wall are possible. A temperature drop of this magnitude at 
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the age of 4 days would hardly be expected to cause cracking unless there 
were some structural weakness. 

In Fig. 4 computed temperature variations in a 3 ft. wall illustrated in 
the same manner as those for the 18-in. wall are shown. In general the 
variations are similar except that the magnitude of temperature changes 
is greater for the 3-ft. wall. It is to be noted that a temperature drop of 
more than 40 F. may occur in this wall when the forms are removed at 
2 days. A temperature drop of 40 F. for 5% sack concrete might be 
expected to produce sufficient tensile stress to initiate cracking. If there 
are any weaknesses in the wall, especially at the surface, cracking to some 
degree at least, would probably result.* 

In Fig. 5 computed temperature variations for a 6-ft. concrete wall are 
shown and in general the variations are about the same as for the 3-ft. 
wall except that the temperature changes are somewhat greater. 

In Fig. 5 there is shown also the effect of HR-20, an additive material 
for reducing early heat liberation, on temperatures in a 6-ft. wall. The 
curves of the lower diagram show that up to the time forms were removed, 
(2 days) HR-20 reduced the temperature rise by more than 50 per cent. 
After the forms were removed the sudden rapid drop in temperature, 
shown by the curve for the plain concrete, was materially reduced by 
HR-20. 

In the upper diagram of Fig. 5, the effect of HR-20 on temperature 
distribution is shown. Here again, HR-20 reduces markedly the tem- 
perature drop throughout the wall after the forms were stripped. Beyond 
about one foot from the surface a slight rise in temperature, rather than 
a drop in temperature, results. This is due to the delayed hydration of 
the cement, caused by the presence of HR-20. 

As mentioned previously, the effect of HR-20 shown here cannot be 
taken to represent accurately the effect that would be produced in con- 
crete placed in the field. It should be recalled that the computations 
were based on heat of hydration measurements made on neat cement 
pastes cured at approximately constant temperatures. Recent experi- 
ments have shown that measurements made on neat cement pastes in 
the presence of HR-20 cannot be used to compute accurately tempera- 
ture effects to be expected in concrete since the reduction in heat libera- 
tion due to HR-20 is not as great in concrete as in neat pastes. An 
approximation of what the actual effect in concrete would be is shown in 
Fig. 7. In this diagram actual temperature rise measurements, which 
were made on concretes placed in a simplified calorimeter, are presented. 

In Fig. 6 the effects of wall thickness on the maximum temperature 
rise computed at a point 3 in. from the vertical formed surfaces and at 


*Davis, Davis and Brown: Plastic Flow and Volume Changes of Concrete. Proceedings, Am. Soe, 
Testing Mats., Vol. 37, Part II, p. 328 (Thermal Stress Studies), 1937. 
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the centers of the walls are shown. The concrete was assumed to be the 
same as that considered in the walls previously, but with and without 
HR-20. The maximum temperatures developed represent the highest 
temperatures at the points in the wall indicated, up to the age of 4 days 
with the forms stripped at the end of 2 days. The relationships obviously 
would be different if the forms had been allowed to remain in place for a 
longer period; the difference, however, would be significant only for a 
wall thicker than 3 ft. In this diagram it is shown that the maximum 
temperature rise produced in a concrete wall is dependent to a consider- 
able degree on wall thickness; the maximum rise increases with wall 
thickness. At a 3-in. depth from the formed surface there is little increase 
with wall thickness in the maximum temperature rise beyond about a 
3-ft. thickness. At the center of the wall, however, the maximum rise 
is affected to a considerable degree by wall thickness even beyond 6 ft., 
the thickest wall considered. This diagram also suggests that in walls 
thicker than about two feet, temperature rise just below the formed 
surface is of such a magnitude that its effect cannot safely be disregarded. 
At the center of the wall higher maximum temperatures are developed 
as would be expected, but as pointed out previously, these probably have 
less significance except insofar as they affect surface temperatures. 

The computations represented by the curves of Fig. 3, 4, 5, and 6 
illustrate that cracking of concrete due to thermal effects may not be 
confined entirely to what is commonly termed ‘‘mass concrete.’ In the 
computations pertaining to the walls, conditions were imposed which 
are commonly used in modern practice. It is not difficult, therefore, to 
understand why relatively thin structures very frequently show unex- 
pected and unaccountable cracking. It seems likely that cracking which 
has been attributed to drying shrinkage, or faulty construction, may 
actually be caused by temperature effects in many cases, or by the com- 
bined effects of temperature and shrinkage. It follows that attention 
should be paid to the time at which forms are stripped and to means of 
reducing maximum temperatures even in structures of moderate thickness. 


SUMMARY 


Calculations have been made to show the temperature effects at or 
near the surfaces under forms for typical concrete structures. These 
-alculations have led to certain conclusions as follows: 

1. Cracking because of temperature effects may occur in relatively 
thin sections. Maximum temperature rises near the surface from 25 to 
45 F. may be expected in 114- to 6-ft. sections under usual job conditions. 

2. Removal of forms as early as possible before maximum temperatures 
are attained is indicated as a means of reducing the danger of cracking. 
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3. If removal of forms before the maximum is reached is impractical, 
° ’ . P “= 
then leaving the forms in place as long as possible should be beneficial. 


4. Reduction of early heat liberation with a material such as HR-20 
should be effective in reducing temperature rise and minimizing crack- 
ing from this cause. 


Acknowledgements are due to Roy W. Carlson, Massachusetts Insti- 
tute of Technology, and J. E. Deignan, U.S. Engineer Office, Pittsburgh, 
for valuable suggestions and help in making the computations involved. 
The writer is also indebted to E. W. Scripture, Jr., Master Builders 
Research Laboratories, for many valuable suggestions in preparing this 
paper. 


Discussion of this paper should reach the ACI Secretary in triplicate 
by Mar. 1, 1942, for publication in the JOURNAL for June, 1942 














A part of PROCEEDINGS OF THE AMERICAN CONCRETE INSTITUTE Vol. 38 


JOURNAL 





of the 
AMERICAN CONCRETE INSTITUTE 
Vol. 13 No. 1 7400 SECOND BOULEVARD, DETROIT, MICHIGAN ; September 1941 


Tests of Reinforced Concrete Beams with Recommenda- 
tions for Attaining Balanced Design* 


By KENNETH C. COX} 


SYNOPSIS 


Upon the basis of test results from 110 rectangular beams of 4 con- 
crete strengths and 23 percentages of reinforcement, recommendations 
are offered for attaining a balanced design. These are similar to Whit- 
ney’s recommendations and embody a simplifying modification of the 
technique outlined by Whitney. ‘These results include limited data on 
doubly-reinforced beams and beams of variable effective depth. 


INTRODUCTION 


A program was designed to determine experimentally the maximum 
amount of steel that can be fully utilized for any concrete strength. 
This question, practical in nature, should indicate the most economical 
design for flexure in reinforced concrete, 


TEST PROGRAM AND PROCEDURE 


The essential data on the conerete and the fabrication and testing of 
specimens should be apparent from Tables 1 to 4 and Fig. 1 to 4, The 
beams were loaded through springs to attain the equivalent of dead- 
weight loading. Deflection readings were made ‘on the run’, Test 
results are tabulated in Tables 3 to 5, inclusive; the accompanying 
curves are self-explanatory. 

DISCUSSION OF TEST RESULTS 
General 

The test results were, in general, as uniform as might be expected. 
This is particularly true of all the beam tests. For beams made in 
triplicate, the deviation of the results from the average value was 
negligible. 

HHingineer, Contiacting Division, Bravo Corp. Pitteaburgh, Pa., formerly Conerete Reinforcing Steel 


Inatitute Research Fellow, Frita Engineering Laboratory, Lehigh University, Bethlehem, Pa 
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Beam tests and balanced design data 


The data obtained from the beam tests show very clearly, in the 
case of the concrete with cement-water ratios of 1.00 and 1.25, just 
what percentage of steel results in a “‘balanced design”’ 


The percentage of steel for balanced design can most easily be ob- 
tained by studying the curves in which the ultimate load is plotted 
against the percentage of steel. A break occurs in the curve at that 
percentage of steel required for balanced design. This point or break 
occurs when the steel yield-point strength and compression strength 
of the concrete are reached at the same time. Below this point the 
steel yields before the concrete fails; while above the break the concrete 


TABLE 1—CONCRETE MATERIALS USED FOR THE VARIOUS 
CEMENT-WATER RATIOS 


Average 
C/W Compressive Number of 
Ratio Cement Water* Sand Gravel Strength Cylinders 
by lb. lb. lb. lb. All Sizes in 
Weight p.s.1. Average 
1.00 27.1 29.8 108 163 1970 9 
1.25 33.8 29.8 106 160 3060 33t 
1. 50 10.6 29.7 104 1535 4750 yg 
1.75 47.4 29.7 102 153 5870 9 
Data on Compressive Strength of Cylinders 
28-Day 28-Day 28-Day 
C/W = Number and! Compres- | Number and | Compres- | Number and | Compres- 
Ratio Size of sive Size of sive Size of sive 
by Cylinders Strength Cylinders Strength Cylinders Strength 
Weight (Vibrated) psi. (Rodded) psi. ( todded) psi. 
1.00 3, 6 x 12 in. 1810 3, 6 x 12 in. 1920 3, 3 x 6 in. 2170 
1.25 3, 6 x 12 in. 3220 3, 6 x 12 in. 3340 3, 3.x 6 in. 3360 
1.50 3, 6 x 12 in. 4650 3, 6 x 12 in. 4650 3, 3 x 6 in. 4950 
1.75 3, 6x 12 in. 5470 3, 6 x 12 in. 5690 3, 3.x 6 in. 6360 


*One per cent of weight of aggregate added for absorption. 
124 additional vibrated cylinders included 
Note: Design based on 325 lb. of water per cu. yd. for workability required. 


TABLE 2—PHYSICAL PROPERTIES OF THE STEEL 


Bar Size Yield Yield Ultimate Per Cent E Biongation Per Cent Number of 
in In. Load Stress Stress Reduction, Specimens 
ri lb. psi. psi. 2 in. 8 in. in Area Tested 
14 def. 2,670 55,200 76,500 26.5 18.1 63.9 5 
36 def. 5,880 53,400 $2,500 26.5 19.1 50.9 10 
ls def. 9,290 48,100 78,000 33.5 23.8 57.0 5 
Sc,def. 14,690 48,100 78,600 31.5 22.3 45.5 5 
34 def. 21,970 50,600 77,700 39.0 25 .6 18.4 3 
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for beams 222-X5, 222, 222-X7, 222-X8, 222-X9, 
222-X10, and 222-X11 


Fig. 6—Load-deflection curves 


crushes before the steel reaches its yield point. Hence the breaking 
point is the measure of the percentage of steel for balanced design. 
Examining the percentages of steel required to produce balanced 
design and substituting these percentages in the formula 
ade 
Je 
with the correct values of f, and f, we will find that C’ is approximately 
().47. 


Pm 


In the case of the high cement-water ratios, or higher strength con- 
cretes, the maximum percentage of steel for balanced design is not such 
a distinct point as we have in the lower cement-water ratio concretes. 
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If an estimate is made based on the data obtained for the maximum 
percentage of steel with concrete having a cement-water ratio by weight 
of 1.00 or 1.25, it can be seen that there was not enough steel placed in 
the beams of cement-water ratios 1.50 and 1.75 to reach a balanced 
design. Perhaps in many cases such a high percentage of steel would be 
impracticable because of the difficulty which might be encountered in 
arranging the steel and placing the concrete. 

Fig. 9 compares the maximum steel ratios allowed by the straight line 
method, the parabolic method, Whitney’s®*method, and an equation 


*See (1) of Bibliography. 
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derived from the observed data. Whitney’s method, an empirical 
method, has been based on actual tests performed by Slater and Lyse at 
Lehigh University”, by Humphrey and Losse of the Bureau of Stand- 
ards', and by the U. 8. Geological Survey. Perhaps this is why the 
observed results are in line with Whitney’s conclusions. 

A proposed method suggesting slight variations to Whitney’s proposals 
derived from material given in the tables is found below. The first 
assumption made is that of rectangular distribution of stress, i.e., there 
is a rectangular block which has an equal distribution of stress over a 
cross section of the concrete near the top of the beam. 


A 
wa Perfectiy 


Plastic 
Material 


Strain ee 


Fig 10—Comparison of stress strain curves of concrete and a perfectly plastic material 


Stress 
Stress 








This assumption is made because concrete behaves to some extent as a 
plastic material, and the assumption of the stress-strain diagram of a 
perfectly plastic material gives results which are in close agreement with 
the breaking strength of beams. (See Nadii’s Plasticity). Upon this 
assumption and with the percentage of steel for balanced desgn obtained 
above, the proposed method is based. 














Hroposed Method Derwed \__ £_ J 
a= ak 
| T2C 
—a=-—-—-—-} 51, T-A,f, 





Fig. 11—Rectangular distribution 
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Fig. 12 was computed using the above mentioned methods. Again it 
is seen that Whitney’s method, the proposed method and the observed 
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Fig. 12—A comparison of observed and computed R values 





data agree very closely. Working stresses of forty per cent of the yield- 
point strength of the steel and forty per cent of the compressive strength 
of the concrete were used in each method. The observed data were 
plotted with no safety factor and also with forty per cent of the observed 
— values. 


“) 


bd? 

The straight-line method of design needs no explanation, since it is the 
prevailing method. Whitney’s method assumes a rectangular stress dis- 
tribution in the compression face of a rectangular concrete beam. He 
sets the design strength of the concrete to be 0.85 of the cylinder strength. 
The balanced design percentage of steel given by Whitney is: 


Pmaz = 0.456 fe : ia : (2) 


- 


A factor of safety can be taken for both steel and concrete and the design 
made on that basis. The advantage of his method lies in the simplicity 
of application and derivation. Modulus ratios, k and j values are aban- 
doned. In addition to simplicity it gives results closer to the observed 
data than the straight line or parabolic methods. 

The proposed method parallels Whitney’s method but is simpler and 
yet retains all of the advantages of the latter. In the proposed method 
the coefficient 0.85 of the cylinder strength is omitted since it had little 
effect upon the design. In designing by this method with a rectangular 
stress distribution, the cylinder strength divided by the factor of safety 
gives us the value of f, to use in design. The observed data limited the 


ote 


maximum steel ratio for balanced design at Pmaz = 0.47 


a 











RECOMMENDATIONS FOR ATTAINING BALANCED DESIGN 75 


The conventional straight-line method will not be given in detail in 
this paper. (See Turneaure and Maurer, reference (3) for derivation.) 
The derivation of the formula for the percentage of steel for a balanced 
design using the straight line distribution of stress results in the formula: 


” 


f, ( f 
Rowan , : +- ] 
' fe \2nf, ) 


Using the observed data as a basis for comparison, beams designed with 


(3) 


the straight line method contain only forty percent as much steel as 
beams designed by the proposed method. This assumes the strength of 
concrete and factor of safety are equal in both cases. 


From the standpoint of factor of safety at balanced design, the present 
ACI method gives the concrete a factor of safety 2.5 times as great as 
the factor of safety in the steel. The steel has in the past been more 
dependable as a material than concrete and yet we know concrete gains 
in strength with the passing of time under some conditions, but steel 
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retains it’s original properties. Plastic flow relieves stresses in the con- 
crete and increases steel stress. These present other arguments for 
equalizing the safety factors of these materials. One should remember 
that higher stresses in the concrete would allow still more plastic flow 


to take place. 
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By setting a definite safety factor in the proposed method or in Whit- 
ney’s method there is an “‘overall’’ factor for the beam as a structural 
unit. The straight line method results in a high factor of safety for the 
concrete and the desired factor in the steel. 


The tests made on beams with compression reinforcing and the result- 
ing computations show that the proposed theory is also adaptable to 
beams reinforced with compression steel. Fig. 13 illustrates how closely 
the additional strength due to the compression steel can be approxi- 
mated. The method requires the determination of the strength of a 
beam without compression steel and then adding the strength contributed 
by the compression steel. The tensile steel area must equal the area 
required for balanced design with no compression steel plus an area 
equal to the area of compression steel used. 











bee ene ae a <4 Fig. 14—Compres- 
4 =sj' 7° | sion steel — a pro- 
¢ x posed method 
pl el eee ee 








The following expression has been derived previously (see Equation 1). 


For balanced design, p = 0.47 therefore (: — vr) = 0.77 
M = pf.bd* (0.77) + A,’f.d’ 

The total steel in the compression side will be A,’. The total steel area 

in the tensile side will be the percentage required for balanced design 

plus an amount of steel equal to the compression steel, or: 


Total area of tensile steel = pbd + A,’ 


The proposed method is satisfactory for varying depths of beam as 
shown by Fig. 15 which compares the computed and observed data for 
various beam depths. The observed data show that the ultimate loads 
lie slightly above the computed curve for the deepest beams and very 
close to the computed curve for shallow beams. This can be explained 
by the fact that the “reserve strength” between the structural yield of a 
beam and the ultimate load of the beam are closer together for high 
percentages of steel than for low percentages of steel. One curve was 
drawn using the structural yield load in place of the ultimate load; this 
resulted in better correlation with the computed curve. 
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Comparison with other tests 

In a recent investigation carried on at the Fritz Engineering Labora- 
tory by the author, 32 rectangular reinforced concrete beams were 
tested. These beams were reinforced with high yield-point steel of 
several different types. The beams had an effective depth of 12 in., a 
width of 12 in., and the distance center-to-center of supports was equal 
to 9 ft. Fig. 16 shows how closely the proposed method of design com- 
pares with the structural yield load of these 32 beams. Fig. 17 illustrates 
the same points as Fig. 16 except that the computed load is plotted 
against the ultimate load. The reader will notice a reserve strength in 
the ultimate loads over the computed values in Fig. 17 which is not the 
case when comparing the structural yield load with the computed values 
(Fig. 16). This can be explained by a point mentioned previously, 1.e., 
for low percentages of steel the structural yield of the beam is lower than 
the ultimate strength. The difference between ultimate load and struc- 
tural yield load (yield point x area of steel) diminishes as the per cent 
of steel approaches the balanced design percentage. In short, the pro- 
posed method of design would apply to the 32 rectangular beams with 
high yield-point steel using any desired factor of safety. 

Deflection observations 

The deflection readings taken “on the run” gave very consistent 
results as shown by the typical curves of Fig. 5. The first break in the 
load-deflection curves near the low loads indicates failure of the concrete 
in tension. The curve advances approximately in a straight line to the 
next break, marking the initial yielding of the steel which eventually 
causes failure. 

In beams with low percentages of steel the deflection at any load is 
far greater than in the high percentages as shown in Fig. 5. It is evident 
from an examination of this figure that when the deflection at structural 
yielding of the beams and deflection at the ultimate reach the same value 
the critical point for a balanced design has been reached. It should be 
noted that the average deflection at balanced design percentages for all 
strengths of concrete was approximately 0.200 to 0.210 of an inch or 
0.04 to 0.05 per cent of the span length for the beams with no compression 
reinforcing and five inches effective depth. 


SUMMARY AND CONCLUSIONS 


The following conclusions are based upon the test results presented in 
this paper: 
1. For balanced design the maximum steel ratio varies according to 


the formula Pmaz = 0.47 fe 
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2. Whitney’s method (f.’ = 0.85f,. with rectangular distribution) more 
closely approximates actual test results than the parabolic or straight-line 
distribution methods. Whitney’s method and the proposed method give 
equally good results. The proposed method falling closer to the observed 
data in the concrete strengths around 3000 psi. 

3. The proposed method is in closer agreement with actual data than 
the common straight-line distribution method. 

4. The proposed method has the advantage of being the most simple 
to apply and the easiest to understand of all the design methods studied. 

5. The results of 110 beams tested in this paper and 32 large beams in 
a program carried on by the author indicate that the proposed method 
is adaptable to every size and depth of beam. 

6. At balanced design the straight-line theory with its present limi- 
tations uses only 40 per cent as much steel as could be used with the 
present factors of safety. 

7. The yield point of compression steel is reached before buckling 
takes place in the compression steel. 

8. The proposed method includes the use of compression steel, afford- 
ing simplicity of design. 

9. The reserve strength between the structural yield load of a beam 
and the ultimate strength is greater at low percentages of steel than it is 
at high percentages, diminishing as the percentage of steel approaches 
a balanced design. 

10. The test results show that additional steel over and above bal- 
anced design does not add material strength to a beam. 

11. Additional steel over that required for a balanced design will reduce 
the deflection for any given load and may in many cases be an important 
consideration in design. 


NOMENCLATURE 

Pm = steel ratio for balanced design C = total compression in concrete 
C’ = a constant T = total tension in steel 
fe = cylinder strength of concrete, pounds M = bending moment or resisting mom- 

per square inch ent, in general 
t, vield-point strength of steel, pounds M,. = resisting moment of concrete 

per square inch M, = resisting moment of steel 
d= effective depth of beam, inches A, = area of tensile steel 
a = depth of concrete assumed to con- A,’ = area of compression steel 

tribute full compression strength d’ = lever arm’ between tensile and 
b = breadth of rectangular beam compression steel 
c = lever arm of steel reinforcement 

ACKNOWLEDGMENT 


The test specimens were fabricated and the tests were made in the 
Fritz Engineering Laboratory at Lehigh University. Acknowledgment 





i 
i 
; 
‘ 
{ 
uy 

















80 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE September 1941 


is made to the Concrete Reinforcing Steel Institute and to the Carnegie- 
Illinois Steel Corp. for furnishing the reinforcing steel; to the Lehigh 
Portland Cement Co. for the cement; to the Fritz Engineering Labora- 
tory for the remaining materials; and to Inge Lyse, formerly Research 
Professor of Engineering Materials and now Professor of Reinforced 
Concrete and Solid Bridges at the Norges Tekniske Hiskole at Trond- 
heim, Norway; Bruce Johnston, Assistant Director, Fritz Engineering 
Laboratory; Howard Godfrey, Engineer of Tests at Fritz Engineering 
Laboratory; and other members of the Fritz Engineering Research Staff 
for their assistance in preparation and testing of the specimens as well 
as for their continued interest and suggestions. 


BIBLIOGRAPHY 


(1) C. 8S. Whitney: Design of Reinforced Concrete Members under Flexure or Com- 
bined Flexure and Direct Compression. ACI Journat, March-April 1937; Proceedings 
V. 33. 

(2) W. A. Slater and Inge Lyse: Compressive Strength of Concrete in Flexure as 
Determined from Tests of Reinforced Beams. ACI Journat, June 1930; Proceedings 
V. 26, p. 831. 

(3) Turneaure and Maurer: Principles of Reinforced Concrete Construction. 

(4) Inge Lyse: A Study of the Quality, the Design, and the Economy of Concrete. 
Franklin Institute JourNna., 1936, V. 221, p. 495, 653 and 745; V. 222, p. 83. 

(5) M. O. Withey: Tests on Plain and Reinforced Concrete. Series of 1907, Bulletin 
197, University of Wisconsin Engineering Series. 

(6) Dean Peabody, Jr.: The Design of Reinforced Concrete Structures. 

(7) K. Hajnal-Konyi: The Modular Ratio: A New Method of Design Omitting m. 
Concrete & Constructional Engineering, Jan. 1937. 

(8) Slater, Lord and Zipprodt: Shear Tests of Reinforced Concrete Beams. Techno- 
logic Paper, National Bureau of Standards No. 314. 

(9) A. N. Talbot: A Test of Three Large Reinforced Concrete Beams. University of 
Illinois Bulletins 28 and 29. 

(10) Richart and Larson: An Investigation of Web Stresses in Reinforced Concrete 
Beams. University of Illinois Bulletins 175 and 176. 

(11) Walker: Modulus of Elasticity of Concrete. Bulletin 5, Structural Materials 
Research Laboratory, Lewis Institute, Chicago, III. 

(12) A. N. Talbot: University of Illinois Bulletins 1, 4, 10, 14. 

(13) VanLougendenck: Os Novos Methodos de Dimensionamento Das Pecas Flec- 
tidas de Concerto Armado. Seperato de Boletim de Institute de Eugenharis de Junho 
de 1937. 

(14) Johnston and Cox: High Yield Point Steel as Tension Reinforcement in Beams. 
ACI Journat, Sept.-Oct. 1939; Proceedings V. 36. 


Discussion of this paper should reach the ACI Secretary in triplicate 
by Mar. 1, 1942, for publication in the JOURNAL for June, 1942 














A part of PROCEEDINGS OF THE AMERICAN CONCRETE INSTITUTE Vol. 38 
JOURNAL 


of the 
AMERICAN CONCRETE INSTITUTE 
Vol. 13 No. 6 7400 SECOND BOULEVARD, DETROIT, MICHIGAN June 1942 


Discussion of a paper by Kenneth C. Cox: 


Tests of Reinforced Concrete Beams with Recommenda- 
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DISCUSSION BY CHARLES S. WHITNEY and 
PAUL W. ABELES 


BY CHARLES S. WHITNEY fT 


Mr. Cox reports the results of an elaborate series of tests on rec- 
tangular beams which are, according to the writer’s interpretation, 
entirely consistent with previous tests and with the formulas which 
have been proposed by the writer.) The author proposes not a new 
method but a modification of the empirical constants in the writer’s 
formulas in the following manner: 


(1) That the value of f. be changed from 0.85 f’. to f’... It is assumed 
as before that f. is the average ultimate compressive stress in the con- 
crete represented by the equivalent rectangular stress block and f’. is 
the standard cylinder strength (see page 487 reference “). 

(2) That the steel ratio for balanced design be 0.477 instead of 


, 


0.4567 Together with the change of f. from 0.85f’. to f’. (which in- 


creases the steel lever arm) this has the effect of raising the value of 
M /bd* for a fully reinforced beam from 0.333". to 0.36f".. 

Neither of these changes appears to be supported by the test data 
reported by Mr. Cox. 

The first modification was suggested by Professor Morris, Professor 
Lyse, and Mr. Wernisch. The writer has previously stated that he 
preferred to place f. equal to 0.85f’. because it appears to give better 

*ACI Journat, Sept. 1941; Proceedings, V. 38, p. 65. 
tConsulting Engineer, Milwaukee, Wisc. 

Design of Reinforced Concrete Members under Flexure or Combined Flexure and Direct Compres- 
sion”’ by Carles 8. Whitney, ACI Journat, March-Apr. 1937; Proceedings, V. 33, p. 483. 

Plastic Theory of Reinforced Concrete Design’’ by Charles S Whitney, Proceedings, Am. Soc. of 


Civil Engineers, Dec. 1940, p. 1749. 
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agreement with test results and because it is consistent with the strength 
shown by axially loaded columns (p. 498-28 ref. “). The latter is an 
important consideration because the writer’s method applies to mem- 
bers loaded under the full range of eccentricity from zero (axial load) to 
infinity (pure bending). 


The second modification gives a value for the ultimate moment of a 
beam with balanced reinforcement which is too high except for con- 
cretes of lower strength than those normally used. (Fig. 3, p. 490 ref. “). 
The writer’s interpretation of the tests reported by Mr. Cox differs from 
the author’s for two principal reasons. 


In order to apply the formulas to a particular beam with less steel 
than the amount required for balanced reinforcement, it is necessary 
to know the strength of the steel in that particular beam. In these 
tests the yield stresses of the rods of various sizes varied from 48,100 to 
55,200 psi. For that reason the comparison of tests with theory on the 
basis of average yield stresses as in Fig. 8, p. 72, is not accurate. 


Furthermore, the term f’. in the equations represents the strength 
of standard cylinders and not that of vibrated cylinders nor 3 in. by 6 in. 
cylinders. The author has evidently averaged the strengths of all 
three types instead of using only rodded cylinders. This resulted in a 
concrete cylinder strength of 3060 psi instead of 3340 psi for the series 
from which the author derived his M/bd? = 0.36f’. value. If he had 
used the rodded cylinders only the value of M/bd*f’. would have been 
lower. 


According to the writer’s calculation the beams listed in Table A had 
more than enough steel for balanced reinforcement and the values of 
M /bd?f’. are as tabulated. The value of p,, the steel ratio for balanced 

, 
reinforcement is p, = 0.456*—. For the 3340 lb. concrete series the 
average value of M/bd*f’, is 0.343 + .023. For the Slater and Lyse 
tests (Table 1, page 488, ref. “) the average as shown in Table B is 
0.335 + .019. The result of each series is within the limits of error of 
the other. In the Slater and Lyse tests, cylinders were tested for each 
beam while in those reported by Mr. Cox only three rodded cylinders 
were tested for each series. Vibrated cylinders should not be used even 
though the beams are vibrated. 


Along with the tests previously used by the writer (p. 498-30 ref. “) 
those reported by Mr. Cox have been plotted on Fig. A using the correct 
values for f, and f’.. The solid lines show the theoretical value of 
M /bd*f'. based on the writer’s recommendation and the dotted line 
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ee _M_ 

Fe Sf’. bd, f’. 
1.235 3340 .317 
1.543 3340 326 
1. 160 3340 .343 
1.540 3340 .346 
1.115 3340 .346 
1.405 3340 345 
1.223 3340 352 
1.156 3340 .350 
1.728 3340 360 

.343 + .023 
1.072 1920 356 
1.610 1920 .373 
2.140 1920 402 
2.680 1920 .413 
1.340 1920 389 
2.020 1920 373 
2.680 1920 432 
.391 
1.108 4650 .308 
1.105 4650 .330 
.319 


OVER-REINFORCED BEAMS REPORTED BY 
SLATER AND LYSE 


M 

P f’ bd? f", 
.028 2790 337 
037 4070 325 
047 4800 339 
056 5740 .320 
039 4130 326 
028 2950 34] 
030 2820 .340 
040 3810 350 


335 * 


.019 
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gives the value based on the assumption that f. = f’. and that the 


maximum - - equals 0.36 as suggested by Mr. Cox. 
Pf", ‘ 

It does not appear that the values represented by the dotted lines are 
justified by the tests. However the difference is not very great and it is 
gratifying that Mr. Cox, as the result of so extensive an investigation, 
has arrived at conclusions so close to the writer’s. 

The tests on beams with compression steel also show complete agree- 
ment with the writer’s equations (15a) and (16) as shown in Fig. B. 
According to these equations, Beam 244-C3 failed in tension and not in 
compression as assumed by Mr. Cox. He has evidently not considered 
the fact that the yield strength of the compression steel is 53,400 psi, 
while that of the tension steel is only 48,100 psi. The equivalent per- 

53,400 


centage of compression steel is x 0.0176 = 0.0195 instead of 
48,100 

ie ; bits ait ‘ a oon rae 

0.0176. According to the writer's equation, p. = 0.456 — + 0.0176 


53,400 


= 0.0512. The actual percentage of tension steel is 0.0488 and 
48,100 
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this indicates why the beam did not develop its full strength in the 


compression side. 
The area of tension steel required for balanced reinforcement in a 
beam subjected to flexure only is equal to the area required for balanced 
/ 
design with no compression steel plus fay times the area of the compres- 


: 
sion steel. (f’, is the yield strength of the compression steel.) 

As shown by Fig. B, Beams 244-Cl and 244-C2 were over-reinforced 
in tension and develened slightly more than their theoretical strength 
in compression as given by Eq. (15a). 

In the case of these beams with p = 0.0488, the amount of compres- 
sion steel for balanced reinforcement is equal to 


?. = ‘(0 — 0.456 f:.) 


‘ 3: 
ok eee ( 0.0488 — 0.456 os) = 0.0154 
53,400 $8,508 


This value corresponds to the intersection of the two curves of Fig. B. 
It is interesting to note that Beam 244-C3 which had the equivalent of 
about two per cent of compression steel (0.0195) and almost five per 
cent of tension steel (0.0488), failed at a load almost exactly equal to that 
given by Eq. (15a) 

BY PAUL W. ABELES* 

The use of the formula derived by Mr. Cox would result in a good 
agreement between design and actual behavior of reinforced concrete 
members of a balanced design, thus making full use of both the steel 
and concrete strength. Such a solution should be considered a great 
improvement; but from a practical and economical point of view many 
structures are designed to require less reinforcement than for balanced 
design. Such constructions with light reinforcement have become more 
common owing to the use of medium and high strength steel. In these 
cases the stresses at failure are in excess of the yield point stress as is 
known from various test results. This excess may be up to 50 per cent 
and more of the stresses obtained with the usual designing method as, 
for example, in the tests by Inge Lyse on slabs at Lehigh University’ 
and those of the writer on rectangular beams”. The disagreement of 
the calculation with the actual data is only partly used by the method 
of Mr. . Whitney or that of Mr. Cox, as will be shown later. 





*L ondon, England. 

Q)"A Study of Reinforcement in ~ rete Slabs’’, Inge Lyse and George R. Wernisch, ACI Journat, 
Sept.-Oct. 1936, Proceedings, V. 33, 

(2)"‘The Resistance of Reinforced c a Structures to Shock’’, by P. Abeles, Concrete and Construc- 
tional Engineering, Jan. 1942, p. 16. 

(3) Discussion by Paul W. Abeles of ‘‘Plastic Theory of Reinforced Concrete Design’’, by Charles S. 
Whitney, Proceedings Society of Civil Engineers, June, 1941, p. 1131. 
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An excess of 50 per cent of the carrying capacity in slabs and rec- 
tangular beams with slight reinforcement is reason enough to study the 
matter more closely in order to make use of it in design. The concrete 
area in the tensile zone co-operates to some extent, which causes the 
tensile stress in the reinforcement between the cracks (especially in 
cases of small percentages) to be much lower than in the cracks. As 
the stresses at cracks increase those between the cracks increase grad- 
ually on both sides of the cracks, owing to the increased bond. Such an 
irregular straining pointed at intervals seems to be unlikely to agree 
with the reality. It may be expected that a redistribution of stresses 
takes place and the greatest steel stresses are smaller than those com- 
puted for the crack points. Besides, as long as the cracks are not too 
wide, it can be assumed that the actual steel stresses are materially 
greater than the yield point stress or its equivalent. Even if elongations 
of 5 per cent and more are taken into account (the equivalent for yield 
point straining is generally only 0.2 per cent and 0.4 per cent, respec- 
tively, for total and permanent elongation), no great harm can be caused 
if the elongation extends only to a small length. The latter depends 
on concrete tensile and compressive strength, on the distribution of the 
reinforcement, its diameter and behavior (strain-stress diagram), etc., 
to avoid wide cracks and to ensure a good bonding between the cracks. 
At failure, even stresses as high as the full strength may act in the steel 
at the cracks, as long as the latter have not surpassed a limit width. 
From all these considerations it will be realized that further investiga- 
tion would be of the greatest importance in finding the basis necessary 
for design. These particulars must be dependent upon test results. 
Dr. K. Hajnal-Konyi™ has examined such a proposition which agreed very 
well with the tests dealt with in Table D; but in this method only the 
compressive strength of the concrete is taken into account, and the 
results can therefore only correspond with the reality as long as a definite 
ratio exists between compressive and tensile strength, the bonding 
strengths also being of importance. That method, for example, dis- 
agrees with the tests shown in Table E. 


Mr. Cox’s formula is very simple. It seems, therefore, worth while 
extending this formula by considering an average concrete tensile 
stress fu, equally distributed over the tensile zone, according to Fig. C. 
The following two conditional equations (1) and (2) can be put up, 

8 ct . . . . 
k = Je and kl _Js denoting the ratios of the yield point stress and 


c c 


of the stress f.. respectively and the concrete cylinder strength f’.: 


(4) Discussion by K. Hajnal-Konyi of “A Study of Reinforcement in Concrete Slabs’’, by Inge Lyse 
and George R. Wernisch, ACI Journat, Jan-Feb. 1937; Proceedings V. 33, p. 16-1. 
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TABLE C 


Tests of K. C. Cox on rect. beams 5 in. by 6 in. Comparison of some test results with 
theoretical values. 


Pe as | | M Geiy M toa 
No.|100,| f. | f’. k | bd” Mate. ky Notes 
| psi tests| (a) | (b) | (ce) | (a) | (b) | (e) 
211 0.76 56,000) 3,300| 17.04 | 434) 373 400) 431'1.116.08)1.01 
231 | 9.76 48,800 14.83 | 394) 324) 350) 385) 12211.13/1.02 | 
161.03, 60 


321 | 0.88 53,200 4,800) 11.09 | 516, 406 445 4931.27) 
341 | 1.20 48,800 10.16 | 613 499) 550) 596:1.23.1.11)1.03 


TABLE D 


Tests of Prof. Inge Lyse on Slabs 2 ft. 10 in. by 4 in. Comparison of test results with 
theoretical values. 


| | on 
No.|100,| f. | k | ba “ M cate. ky Notes 
| | 
| psi tests! (a) | (b) | (ce) | (a) | (b) | (e) 
9 (0 35 |46,000) 2,890) 15.92 292 146 (157 (222 |1.52'1.4111.00 
10 (0.303/55,300, 2,795) 19.66 |226 153 163 (226 11.481.39 1.00 ; 
6 10. 755/47,500| 2,784) 17.06 [468 322 345 403 1. 15 35 


151.351 

7 (0.754/50,000 2,640) 18.95 469 330 349 401 (1.421.341. 16 

32 (0.725|50,000) 5,750 8.76 /446 318 350 440 1.401.271.02 1/50 

22 |1.32 48,500) 3, 
3, 


40| 15.45 (632 543 576 630 |1.161.101.00 
24 |1.328|50,300) 3,110 


16.20 ved 566 596 652 |1.191.13.1.03) 1/35 


12 (0. 343 95,500 3,390) 28.20 |392 (298 312 |384 |1.31/1.26/1.02 


29 0 77 |93,000 5,230) 17.70 |746 628 667 740 |1.191.121.01 1/50 


Fa 





—— Ltr A.fs + fab (D—a) ee (1) 
f'Ag F % 
oad D 
= | 1 M = A,f, (d- ) + fub(D — a) (2) 
yi ‘ ) 
her bhiD-a, L | D a A, 
. d, = a and p , thus the 
fats A | elt Fiur” yeow © 
for Fig. C equations become: 
pk +k; (di — a;) =~ q...... ng 
M a t, 
¥ =pi(l— ; ) Sf. + (d — ay) - kif’. (2a) 
; , : k Lik, . 
By putting the transformed equation (1b) : a, PEt Oe into equa- 


1+ k, 
tion (2a) the following conditional equation can be derived: 
£ | 
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TABLE E 


Tests of P. W. Abeles on rect. beams 7.9 in by 9.1 in. Comparison of test results with 
theoretical values. 


* M . M treat 
‘ (psi) ; 
No. 100, f, f'c |\k—4, b.d? M cate. ky Notes 
3f*. 
psi tests! (a) | (b) | (ce) | (a) | (b) | (e) 
1 0.38 37,600 2,060 24.32 146 129 136 1.13.1.07 0 | concrete 1, 
2 0.85 37,100 24.02 | 300) 273 283 1.101.06 mild steel 


4 0.38 95,200 2,060 61.75 | 378) 328) 320 3501.151.18)1.08 20 c. 1, high- 
grade steel 


18 0.38 37,600 5.96 | 167) 129) 141) 167.1.29)1.18)1.0 concrete 4 
19 0.85 37,100 8,400) 5.94 | 349) 273) 307  330.1.28)1.141.061/160) mild steel 
20 (1.50 (37,100 5.94 581) 468 534) 5551.241.09 1.05 

22 0.38 95,200 15.10 | 502) 328 352) 496.1.53)1.431.01 concrete 4, 
23 0.85 87,000) 8,400) 13.80 911) 642) 696) 8261.421.31)1.10) 1/25) high- 

24 1.50 91,000 14.45 1375 1145 1217 1320.1.20)1.13 1.04 grade steel 


*f is the cubic strength (cubes 7.0 in 


TABLE F 


Designing factors 1“ for f, 50,000 psi. and f’, 5,000 psi. 


” 


(c) formula (3) 


100,, (a) (b) ky ] 100 ky l 5O ky ] 25 
n 15 Cox 
Lae 1.3 i.e 1.3 1.1 1.3 d, 
0.2 93 99 128 140 156 179 211 241 
0.4 IS] 196 224 235 251 274 304 349 
0.6 266 291 317 329 344 366 108 439 
0.8 349 376 410 421 135 457 184 527 
1.0 130 175 500 511 524 545 571 614 
M Co C) . 
Ph (: t cpk (1 4 ) (3) 
bd? pk pk 
ios l 
C, dik, , ey and ¢ d,k,.. (4) 
2 2( | { k,) 
In case k, 0 «, Cs 0 and « 14, thus the equation (3a) be- 


coming identical with Mr. Cox’s conditional equation 1, 


The factor k; depends not only on the ratio of the concrete tensile 
and compressive strengths, but also on the property of the steel rein- 
forcement. The concrete tensile strength varies between about 1/10 
and 1/20 of the cubie strength (it is about 1/75 to 1/50 of the cylinder 
strength, assuming the latter to be %4 of the cubic strength); the ratio 
1/10 may be considered for concrete of comparatively small strength, 
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as is normally used, which ratio gradually decreases up to 1/20 for 
concrete of higher compressive strength. The behavior of the steel 
used also influences the factor k,; for example, on the same concrete 
mild steel with a marked yielding causes a smaller excess than medium 
or high grade steel without direct yielding. The steeper the strain- 
stress diagram near the yielding, the greater the excess and the smaller 
the factor k;. The latter varies therefore considerably, say from 1/20 
to 1/200, the latter figure being assumed the limit for those cases in 
which the influence of the tensile zone is taken into account. 


In Tables C and D some of the tests of Mr. Cox, Professor Lyse and the 
writer are investigated to have a comparison as to how far test results agree 
: ; M ' ; 
with the calculation, shown on re for case (a) calculation according 
to the usual designing method with n = 15 (these figures are only 
slightly altered if other values of are considered), case (b) according 


to formula Cox and case (c) according to formula 3. The ratios M to 
calk 
for these three cases show that according to formula Cox the excess is 
only partly reduced whereas the use of formula 3(a) gives a better 
agreement, provided a suitable factor k; is chosen. 

Table C deals with four beams (211, 231, 321, 341) of Mr. Cox’s 
tests, d, = 4/3 = 1.33 and k,; assumed 1/50. Table D contains some 
of the test results on slabs of four inch depth of the tests of Professor 
Lyse, d, = 6/5 = 1.2, k; being assumed as 1/50 for specimens Nos. 29 
and 32 with a cylinder strength over 5,000 psi and as 1/35 for all other 
specimens with f’. smaller than 5,000 psi. Table E deals with some of 
the writer’s tests on rectangular beams, concrete 1 being of very low 
strength and concrete 4 of high strength, each with two different grades 
of steel (mild steel and high strength steel), + of the cubic strength 
being assumed as equivalent to the cylinder strength, d, being 1.15. 
For concrete 1 and mild steel (specimens 1 and 2) the formula 3 has 
not been applied since the Cox formula agrees well with the test results 
on this poor concrete. For concrete 1 and high strength steel (specimen 
4) k, = 1/20 has been considered, whereas for the high strength con- 
crete 4 and mild steel a very small factor k; = 1/160 has to be assumed 
since the influence of the high strength concrete is relatively small 
owing to the yielding of the steel. For concrete 4 and high strength 
steel a factor k; = 1/25 agrees well with the test results. 

Summing up it may be said that Cox’s formula represents a simplifi- 
cation and improvement in the design of reinforced concrete construc- 
tion. But with slabs and rectangular beams, slightly reinforced, the 
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concrete tensile zone apparently co-operates to some extent in spite of 
the discontinuity caused by cracks, thus favorably influencing the 
carrying capacity, especially when medium or high strength reinforce- 
ment material without marked yielding is used. Thus the Cox formula 
becomes less suitable for such cases. Since as shown an excess up to 50 
per cent and even more is possible it seems advisable to consider this 
increased carrying capacity by extending the Cox formula to formula 3. 
For a certain quality of steel the factor k, for a concrete of usual 
average quality with a strength of f’. (thus the factor k being known) 
could be found once and for all, on the basis of some tests on specimens 
of different percentages of reinforcement, whereas for each special 
concrete with extraordinary properties special preliminary tests, say on 
three different percentages have to be made in order to find that factor 
k, which gives the best agreement between calculation and reality for 
all those percentages for which the unextended Cox formula disagrees 
with the actual behavior. 


Table F shows that if the ratios k and k, are known once and for all, 


rae M , . ; 
the designing factors —— for various percentages and different ratios 


a” 


d, can be computed, thus the design being made simple as with the 


usual method. As an example Table F contains the ratios 3 for 

ya~ 
some percentages up to 1 per cent of a steel of f, = 50,000 psi and f’, 
= 5,000 psi(thus k = 10). To show the influence of k, three different 
ratios 1/25, 1/50 and 1/100 have been considered and for any case 
two different ratios d,; (1.1 and 1.3). For the purpose of comparison 
the respective factors according to the usual calculation method case (a) 
and according to Cox’s formula case (b) have also been computed. 
From this table a considerable increase in the carrying capacity compared 
with the usual method of calculation, especially with small percentages 
and with a greater value k,, can be seen. By making use of that in- 
crease a considerable saving of material would be possible. Further 
investigations in that respect are recommended. 
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Job Problems and Practice 


WHAT JPP MEANS 


an informal clearing house for mutual help on concrete problems; 
an opportunity for the ACI member who knows to tell the ACI 
member who needs the information. If the subject matter holds proba- 
bilities of general interest it will be briefed in these pages—with author- 
ship credit unless the contributor prefers not. 

If you know of an interesting problem whose solution has smoothed 
the way of someone in the field, record it briefly. If you have a problem, 
present it; a question, ask it. If you are moved to helpful comment or 
constructive criticism write the Secretary. 

The “answers” are those of individuals to whom the questions are 
referred and not of the ACI. 


Reinforcing for Concrete Masonry Walls (38-73) 


Q-—Some builders advocate the use of small deformed reinforcement 
bars in horizontal joints of walls of concrete masonry units. Where 
should this reinforcement be placed to be most effective in preventing 
the development of large cracks resulting from the shrinkage and tem- 
perature movements of the masonry? 

BY W. G. KAISER* 

A—Experience seems to indicate that the placing of reinforcing steel 
in horizontal mortar joints of concrete masonry walls gives them added 
tensile strength and distributes the stresses due to contraction and there- 
by tends to prevent the opening of cracks of a noticeable size. Usual 
practice is to use two 4-in. pencil rods in the horizontal joints laying 
one rod on the outer and one in the inner face shell mortar bedding. The 
rods are run continuously around the wall with adjoining pieces lapping 
each other about 12 in. Such reinforcement is most effectively employed 
when placed in the horizontal joints immediately over lintels and under 
window sills. A special type of wall reinforcement has been developed 
using No. 9 gage inner and outer wires held the proper distance apart 
by diagonal cross wires welded to them. This type of reinforcement is 
easily placed in the proper position and is finding increasing use. 





*Manager Cement Products Bureau, Portland Cement Association, Chicago. 
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Bars to Resist Bond Failures (38-74) 


Q—What types of deformed bars are most effective in resisting bond 
failures? 


BY HERBERT J. GILKEY* 

A—Wernisch, in his American Concrete Institute paper (Mar.-Apr. 
1938 JouRNAL; Proceedings, V. 34, p. 145) reporting tests conducted at 
Lehigh University, found that the diagonal types of corrugations appear 
to develop somewhat higher bond resistance than do the other com- 
mercial types. Both his tests and those of Abrams many years before, 
as well as tests reported by Posey, indicate that the fine textured, artifi- 
cial and non-practical threaded bar develops a bond resistance much 
higher than can be developed by any of the commercial types of lugs. 
Moreover, the threaded bars do not have the same tendency to split the 
concrete as do the relatively large projections on regular deformed bars. 
The favorable behavior of the threaded type of bar seems to indicate 
that the development commercially of deformed bars with much finer 
and more closely spaced corrugations (a fine textured non-wedging type 
of roughness) would constitute a distinct advance over anything now 
commercially available. In further support of this idea it has been 
demonstrated that the presence of firm rust on reinforcement increases 
the bond. 


Concrete Laundry Tray Manufacture (38-75) 


Q—To the question: ‘What information is available on the manu- 
facture of concrete laundry trays?’ a competent ACI member gives the 
reply which follows. 


A—tThis field of concrete products is essentially closed, with 20 to 
25 manufacturers in the United States specializing in this type of 
product. The trays are shipped in carload lots and distributed through 
wholesale plumbing supply houses. The actual trade territory for an 
individual plant, due to carload shipments, is a 300- to 400-mile radius 
from the manufacturing plant. 


The manufacturing methods incorporate a number of “trade secrets” 
which manufacturers guard jealously. Their attitude is that there are 
enough manufacturers of concrete laundry trays to take care of present 
requirements and a considerable increase in the market. Trays are now 
made and sold on a comparatively small margin based on volume sales. 
Two-unit trays 4 ft. long, 18 in. deep and 24 in. wide with two compart- 
ments of the simplest design are sold for from $7.00 to $9.00. Walls 
are usually built 1 in. to 114 in. thick and reinforced with No. 14 wire 


*The question was answered by Professor Gilkey, who is Head Dept. Theoretical and Applied Mechanics, 
Iowa State College, Ames, at the Quiz Session of the 1941 Convention. 
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welded mesh reinforcement 2 in. on center both ways. In general, con- 
struction methods used are similar to that outlined in PCA data sheet: 
“Manufacture and Merchandising of Concrete Burial Vaults’ insofar 
as concrete mixtures, methods of manufacture and curing are concerned. 
The market outlet varies almost directly with the number of housing 
units built in any particular trade area annually. 


There are no specific specifications for this type of material and patented 
features are on extras rather than on the manufacture of the simple 
tray, such as metal inserts for the scrub boards and methods of attaching 
metal edging on the deluxe line of trays. 


Simple Method of Estimating Percentage of Sand (38-76) 
BY Jj. W. KELLY* 


To supplement Stanton Walker’s simple and useful method? of design- 
ing a concrete mix, with regard to his Step 5—determining the proportion 
of sand in the total aggregate—the following suggestions are offered. 
They are based on a variety of published and unpublished sources, includ- 
ing the writer’s personnel obervations in the trial and calculation design 
of mixes with local materials in many cities. 

The “optimum”’ percentage of sand for given materials, water-cement 
ratio, and consistency is that percentage for which the paste requirement 
(and hence the cement requirement) is a minimum. Since the paste 
requirement changes slowly at percentages of sand near the optimum, 
the value is not critical; an error of 2 in estimating the optimum per- 
centage of sand increases the paste requirement only about 1 per cent, 
a negligible amount and within the tolerance of measurement. 

In order to avoid possible harshness and honeycomb, it is well to use 
slightly more sand than the theoretical optimum, and in general to over- 
sand rather than undersand. 


Within the range of usual concrete mixes, the following relations 
appear to be fairly well established: 


1. Gradation of coarse aggregate: For a fixed water-cement ratio and 
fixed consistency, increasing the maximum size of graded coarse aggre- 
gate from °4 in. to 1! in., or from 1! in. to 3 in., permits the percentage 
of sand to be reduced by about 5. 


2. Gradation of sand: Each increase of 0.1 in the fineness modulus 
of well-graded sand increases the required sand percentage by 1. Thus 
there is required about 3 per cent less of a fine sand, and 3 per cent more 
of a coarse sand, than of a medium sand. 


*Assistant Professor of Civil Engineering, University of California, Berkeley. 
tACI Journat, Jan. 1939, Proceedings, V. 35, p. 211. 
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3. Water-cement ratio: Each reduction of 4 gal. per sack permits 
the percentage of sand to be reduced by 1. 


4. Consistency: A medium consistency requires 1 per cent less sand 
than either a stiff or a wet consistency; but this difference is so small that 
it need not be considered in design. 


5. Crushed stone versus gravel: When the water-cement ratio is fixed, 
the optimum percentage of sand is about 3 higher for crushed stone than 
for gravel, and is about 3 higher for stone sand than for natural sand. 
When the cement content is fixed, the corresponding values are 5 and 5. 


If the optimum percentage of sand has been established for one set 
of conditions, that for another set of conditions can be estimated with 
fair accuracy by applying corrections as indicated by the relations 
stated above. In the absence of data for the particular job, the follow- 
ing values will be useful as a starting point: For No. 4 to 11% in. gravel, 
0 to No. 4 natural sand, a medium consistency, and a water-cement ratio 
of 61% gal. per sack, the percentage of sand, by weight, should be not 
far from 40. 


A more specific simple method of estimation without the use of sieves 
or trial batches is based on the following relation: The optimum per- 
centage of sand is practically always somewhat below the percentage 
for maximum density of mixed aggregate. The amount to be subtracted 
from the maximum-density percentage to obtain the practical optimum 
percentage is rarely as much as 8, and usually it will be of the order of 2 
to 5; hence 3 can be taken for working purposes without error of con- 
sequence. None of the previous corrections, except perhaps that for 
water-cement ratio from a base of 6% gal. per sack, need be made to 
the percentage of sand thus computed. The percentage of sand for maxi- 
mum weight of mixed aggregate is easily obtained by determining 
(by A.S.T.M. C29 or similar method) the unit weight of dry aggregate 
mixtures containing 0, 30, 40, 50, 60, and 100 per cent of the sand, plotting 
a curve, and taking the value at the peak. For normal (not lightweight) 
aggregates, this value can be used regardless of the specific gravity of 
the aggregates; the difference between the peak value and the optimum 
value is affected but little as between maximum weight and true maxi- 
mum density. 


As in the case of any other proportioning method advocated to date, 
the estimated percentage of sand should be checked by trial either in 
advance of or on the job, by observing the mix and making such com- 
mon-sense adjustments as may appear necessary. 








A part of PROCEEDINGS OF THE AMERICAN CONCRETE INSTITUTE Vol. 38 








JOURNAL 
of the 
AMERICAN CONCRETE INSTITUTE 
Vol. 13 No. 1 7400 SECOND BOULEVARD, DETROIT, MICHIGAN September 1941 





Current Reviews 


of Significant Contributions in Foreign and Domestic Publications, 
prepared by the Institute's Reviewers 


The properties of the cements from the new Reich districts in the East 
WILHELM Ete, Zement, V. 30, Nos. 2, 3, Jan. 9, 16, 1941, p. 17-21, 29-32. 
Reviewed by L. T. BRowNMILLER 


Strengths, fineness data and chemical composition of the cements from the plants in 
Austria, Czecho-Slovakia and Poland are reported. 


Studies in the system CaO-5CaO.3A1.,0;-CaF, 
WILHELM Eire, Zement, V. 30, Nos. 2, 3, Jan. 9, 16, 1941, p. 17-21, 29-32. 
Reviewed by L. T. BRowNMILLER 
Thermal studies in this system showed that the three compounds form a simple 
eutectic. No solid solution was found in the system. Tricalcium aluminate dissociates 
into CaO and 5Ca0.3A1L,0; in the presence of calcium fluoride. 


How a cellular concrete bridge acts under traffic 
F. W. Pannorst, Engineering News Record, V. 126, No. 25, (June 19, 1941) pp. 69-71 
Reviewed by S. J. CHAMBERLIN 
The cellular concrete bridge of 120-ft. span has counterweighted abutments to reduce 
moments to one-quarter of the normal amount. Of relatively low stiffness, the structure 
had observed deflections no greater than expected. Live load vibration is apparent 
but amplitudes are small. Measurements of deflection are to cont'nue. 


The development of bomb-proof structures 

Kort Krause, Zement, V. 30, No. 6,7, Feb. 6, 13, 1941, p. 75-79, 88-92. Reviewed by L. T. BrowNMILLER 
This article discusses principally the architectural features of bomb shelters. Accord- 

ing to the author the present tendency is to build the structures above the ground in a 

style harmonious with the surroundings and in a form which may be utilized after the 

war. The shelters are built with a minimum of steel. The article is illustrated with a 

number of photographs but no construction plans are given. 


Cantilever forms for Shasta Dam j 
Engineering News Record, V. 126, No. 23, (June 5, 1941), p. 81-83. Reviewed by S. J. CoamBer.in 

With a 72-hour time limit for form removal and with 5-ft. concrete lifts on blocks, 
chiefly about 50-ft. square, cantilever forms with vertical studs carrying the concrete 
thrust without wales are proving advantageous. The panels are 50 ft. long and are 
designed for raising with three roller-chain jacks on A-frames. The space within the 
blocks is free from struts and tie-wires, and anchor bolts are only placed as each individ- 
ual concrete pour nears completion. 
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Rapid method of determining alkalies in cement 

Francis W. Guaze, Rock Products, V. 44, No, 7 July, 1941, p. 42. Reviewed by Roy N. Youna 
A method for the determination of Na,O and K,0 in cement is described. The time 

required is about one-third that for the modified J. Lawrence Smith procedure recom- 

mended tentatively by A.S.T.M. Committee C-1, without apparent sacrifice in accuracy. 
The cement is decomposed by hydrofluoric acid in the presence of nitric and perch- 

loric acids. The sodium is determined as uranyl zinc sodium acetate and the potassium 

from the platinum in the chloroplatinate precipitate. 


A new approach to the problem of concrete wall reinforcing 
F. N. Ropp, Engineering News Record, V. 126, No. 23, (June 5, 1941), p. 88-89 
Reviewed by 8. J. CHAMBERLIN 


Observations of the structure and estimation of the shrinkage stresses in the second 
floor slab seemed to indicate that the cracks occurring at openings of the first floor 
concrete walls was due to the distortion of the building caused by slab shrinkage. The 
pull due to shrinkage of slabs would cause a variable unit soil resistance, which, together 
with uniform building load, would set up a variable shear and resulting moment in the 
walls. A system of diagonal wall reinforcing is suggested. Other suggestions are low- 
strength concrete and increased shrinkage reinforcement. 


Steel floor slab forms produce “architectural’’ ceiling 
Engineering News Record, V. 127, No. 1, (July 3, 1941), p. 60-62 Reviewed by 8S. J. CHamBeRLIN 
A steel pan form for concrete floor slab construction is 12 in. wide, made of 14-gauge 
metal pressed into a U. Designed for an unsupported span of 10 ft., two-thirds of the 
conventional shoring is eliminated. The ends are supported by a transverse timber 
having a pressed steel spacer spiked to its top to keep the pans tight together. The 
under side of the concrete floor and beams are left exposed as the ceiling of the rooms 
below. The small radius along the longitudinal edges of the individual pan leaves a 
small fin which gives the appearance of a plank ceiling. 


Placing and welding reinforcing steel in Pit River bridge piers 
Engineering News Record, V. 126, No. 21, (May 22, 1941), p. 81-83 Reviewed by 8. J. CHAMBERLAN 
The long pieces of heavy reinforcing steel for high piers were held in place and sup- 
ported by a central tower of scaffolding whose vertical members were second-hand 
60-lb. T-rails. The scaffolding also supported the forms for interior cells and platforms, 
for workmen. The 2-in. steel bars, up to 60 ft. in length, were threaded down vertically 
into place upon a ;%-in. spacer plate resting on the bar below, the two adjacent ends 
fastened together by a clamp and the bars fastened at other points along their length 
by wire to 2 x 3-in. templates which were removed as the concrete level approached. 
The ends of the bars were cut at 45-degree angles and, in addition, the upper bar had the 
metal cut away to angle of 30 degrees. Prior to electric welding the adjacent bar ends 
were heated by gas burners to about 500°F. 


Relationship of the garnet-hydrogarnet series to the sulfate resistance of portland 
cements 


E. P. Furnt and Lansina 8S. Wexts, Journal of Research of the National Bureau of Standards, V, 27, No. 2, 
p. 171 (August 1941). teviewed by P. H. Bares 


Isometric 3 CaO0.AL0;.6H.O, a constituent of set portland cement, is readily con- 
verted by sodium sulfate solutions to 3CaO.AL,0;.3CaSO,31.5H,0. Partial replacement 
of the ALO; in 3Ca0.AL,0;.6H.O by FeO; or of the HO by SiO, gives “hydrogarnets”’ 
which are stable in the presence of sulfate solutions. Such substitutions may be brought 
about by inducing reactions between tricalcium aluminate hydrate and silica from 
various sources in the set cement or from added puzzolanic materials, and by increasing 
the content of glass and tetracalcium aluminoferrite in the cement. 
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Products having an X-ray structure nearly identical with that of grossularite garnet 
result when properly proportioned mixtures, made up of the puzzolanic material, dehy- 
drated kaolin, with tricalcium silicate, or with lime and beta dicalcium silicate, are 
steamed at 500°C and 420 atmospheres. 


The glass in portland cement 
B. Tavasci, Zement, V. 30, Nos. 7, 8, Feb. 13, 20, 1941, p. 83-85, 100-103. | 
Reviewed by L. T. BRowNMILLER 


A study was made of the changes in the celite (interstitial material) of Portland 
cement clinker, as the clinker was subjected to varying cooling rates from temperatures 
of 1500°C. These changes were followed microscopically by the reflected light method. 
HSO, was found to be the best etchant for this purpose. 

By rapidly quenching very small clinkers in water, the celite was present as glass to 
a very limited depth around the outer edge of the clinker. In the inner portions of the 
clinker, the celite had a structure similar to that of the celite in air cooled clinkers. It 
was not present as a homogeneous phase, but as two distinct phases a- and 8-celite. The 
a-phase corresponds to “dark interstitial matter’; the 8-phase was not glass but 
probably a compound similar to tricalcium aluminate with alkalies in solid solution, 
possibly 8CaO.Na,0.3AL0;. The relative amounts of these two phases depend on the 
rate of cooling. The conclusion is that true “glass’’ does not exist in commercial port- 
land cement clinker. 


Structure of hydrated portland cement 
B. Tavasct, Zement, V. 30, Nos. 4, 5, Jan. 23, 30, 1941, p. 43-48, 55-56. 
Reviewed by L. T. BrowNMILLER 

A study was made of the micro-structure of neat portland cements using the method 
of reflected light. The specimens were impregnated with a tar-like substance and 
polished by the usual methods. Various etchants were used for distinguishing the phases 
present. By this method the author classified five different phases in the set cement. 
A number of photographs illustrate the results; these photographs are of the same high 
quality which have distinguished the author’s former publications. 

This paper represents one of the first publications on the structure of set cements by 
the reflected light method, which has proved so useful in the study of the structure of 
metals and cement clinker. Curiously, the method has been neglected in the study of 
our more important product—the set cement and concrete. Therefore this paper is 
recommended to our research institutions as another step for the solution of an extremely 
complicated subject. The method should be adopted in the study of concrete which is 
of even more importance than the structure of our intermediate product—the clinker. 


More durable concrete with treated cement 
M. A. Swayze, Engineering News Record, V. 126, No. 25, (June 19, 1941) p. 74-77. 
Reviewed by 8. J. CoaAmBer.tin 


A report on the increase in resistance to frost action for concrete when (1) mineral 
oils, (2) animal or vegetable oils, and (3) natural resins are added to the cement in 
minute quantities. Mineral oil additions of 0.03 per cent had little effect on ‘either 
workability or strength, but air voids were slightly increased and durability was in- 
creased by about 40 per cent (based on freezing cycles for 20 per cent loss). Beef tallow 
added in amounts of 0.03 per cent increased yield and caused a reduction in cement 
content. Lean mixes had little loss in strength. The air voids increased as the cement 
content was lowered, and increased with higher slumps. Shrinkage was increased, but 
the greatest effect was the increased durability, particularly for the lean mix range. 
Disintegration was uniformly distributed over all surfaces of the test specimens. Natural 
resins were added at the rate of from 0.01 to 0.05 per cent to constant proportions of 
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cement and aggregate with variable water content to produce the desired slump. Strength 
reductions due to increased air content ranged from 5 to 20 per cent. Resistance to 
freezing and thawing was markedly increased by the first 0.01 per cent increment of 
resin addition, with further increases with additional increments at a slower rate. Work- 
ability was increased, and observations indicated a decrease in permeability. It is 
thought that the increase in durability is due to the effect on the microstructure of the 
hardened paste, the capillaries being considerably smaller in size when the admixture is 
present, the concrete never becomes resaturated after drying out. 


Investigation of special cements in the laboratory and in roads 
Orro Grar and Kurt Wauz, Zement, V. 30, No. 12, 13, 14, 15, 16, 17; Mar. 20, 27, Apr. 3, 10, 17, 24, 
1941, pp. 153-158, 169-176, 181-186, 198-201, 205-210, 219-225. Reviewed by L. T. BrowNMILLER 


Since 1936 the German specifications for cements for road construction require a 
relatively high transverse strength and low shrinkage. Generally cements for this 
purpose have a high iron oxide content. In 1938 a series of these cements were used 
in carefully controlled sections of the German auto highway between Berlin and Han- 
over. 

The laboratory tests on the cements and the concrete specimens have been completed 
and are reported in great detail. The experimental road sections of the corresponding 
cements have been expowed approximately two years. There is some cracking evident 
in the road sections but no other signs of deterioration. Some of the cements show 
more cracking than others, but there is apparently no relation between the amount of 
cracking and the chemical composition. The high iron oxide cements do not show less 
cracking than the low iron oxide cements. Furthermore, there does not seem to be 
any relation between the extent of cracking and the transverse strength or shrinkage of 
the laboratory specimens. 

The general conclusion at this date is that the high iron oxide cements show no 
advantage over the low iron cements. But the answer to the question will only be 
possible in several more years, since at least four years must expire before the behavior 
of the cements can be evaluated. 

The laboratory tests reported here are pretty complete particularly with regard to 
the shrinkage and strength data. The concrete apparently was placed under carefully 
supervised conditions. No details of the method of manufacture of the cements are 
given. 


Repeated stresses on reinforced concrete 


F. C. Lea, Struct, Engr., 1940, 18 (2), 511-20. Building Science Abstracts, V. XIII, No. 11, Nov. 1940, 
p. 169, London. Hiauway Reskarcu Apsrracrs 


The investigation included measurements of the strain of three test beams before and 
after repeated loadings under maximum loads of 2.3, 4.5and 5 tons. The strain measure- 
ments showed that the apparent modulus ratio of concrete beams depends upon the 
number of repetitions of the load and on movements such as creep and that it varies in 
beams as nearly alike as possible. From the results of the fatigue tests on seven rein- 
forced concrete beams, which were subjected to loads up to 5 tons and up to 11 million 
repetitions it was found that the lowest load at which the beam will ultimately fail under 
repeated stresses is about 31% tons, i.e., about 70 per cent of the static breaking load of 
the beam. (Editor: The “fatigue” limit of plain concrete is about 55 per cent of the 
static breaking load. Reference: H. F. Clemmer, ‘The Fatigue of Concrete’’, Proc., 
A.S.T.M. 1922, p. 408, and W. K. Hatt, “Fatigue of Concrete’, Proc., Highway Re- 
search Board, V. 4, p.47). An account is given also of tests of the effect of repeated 
and alternating stresses on the bond between concrete and steel, 2000 cycles per minute 
being used. The specimens consisted of 14-in. rods embedded to a depth of 3 in. in a 
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cylinder 3 in. in diameter made of a 1:3 cement-sand mortar. They were tested at 14 days 
in a Haigh fatigue testing machine; those of one series being subjected to repeated stresses 
from zero to a maximum, those of a second series to alternating stresses from equal ten- 
sion to equal compression. In the first series of tests the lowest load at which the bond 
stress failed in fatigue was found to be about 300 psi. or about 50 per cent of the static 
bond stress. When the bond failed the rod drew out of the mortar. The lowest 
range causing failure was the same for the second series of tests and the rod again 
drew out on failure. 


Swedish substitute cement to conserve coal 
Mose Berostrom, Teknisk Tidskrift, May 17, 1941. Reviewed by Benot Frisere@ 
For the yearly manufacture of about 570,000 tons of Swedish cement approximately 
160,000 tons of hard coal have been required. With practically no coal mines in Sweden, 
extreme scarcity of fuel exists and it is clear also that the coal expected from Germany 
will not be obtained. The authorities have stopped the hard coal allotments to the 
cement industry and have asked that substitute cements be developed. Early in April 
all present stocks of standard portland cement were appropriated for government use 
and a week later a substitute cement, ‘‘E-cement’”’ appeared on the market. The six 
manufacturers of E-cement guarantee the substitute cement as equal in weathering 
resistance to standard portland cement, class ‘A’? cement. Compared to 28-day physi- 
cal properties of class A-cement, compression 6000 psi. (cube test), and tension 500 psi., 
E-cement shows 3500 psi. and 350 psi., respectively. Based on accumulating experi- 
ence, the rule has been established for smaller projects where pilot tests cannot con- 
veniently be made, to use 35 per cent higher E-cement quantity than that specified 
for A-cement. Vibration is recommended wherever possible under qualified supervision. 


All of the E-cements consists of a ground mixture of portland cement blast furnace 
slag and stone material. The second grinding of the portland cement in the mix results 
in a very fine grain size with increased effectivity of the cement portion. 

There is no reason to assume that the water and weathering resistance of concrete 
will be decreased by the use of E-cement. Slag cement has been used extensively in 
other countries. In large Dam constructions in America, as well as in Norway, good 
results have been obtained with portland cements ground together with inert stone 
materials obtained near the place of construction. The sale of E-cement is not as yet 
restricted. 


Reconstruction after the war 
Editorial, Concrete Building & Concrete Products, (London), V. 16, No. 5, May, 1941, p. 73. 
Reviewed by J. C. Pranson 

This editorial recalls the confusion in rebuilding after the World War, the scramble 
for materials and labor, and the soaring prices. It is still too early to develop a definite 
scheme for rebuilding after the present war, but it is none too soon to survey the re- 
sources of the country and to make plans of a general nature. It calls attention to the 
accumulation of exerpiences in selecting standardized designs for unit and pre-cast 
systems, and says that this will go far to offset the shortage of lumber, which will have 
to be imported. It recalls the struggle of the pre-cast industry 25 years ago for recogni- 
tion in overcoming prejudices, and in the fallacy of emphasizing the adequacy of un- 
skilled labor, which brought the material into disrepute. These teething troubles are 
now largely eliminated, quality is assured by reputable manufacture according to speci- 
fications, and the trade associations cooperate with the Government Departments in 
furnishing standard designs for specific purposes. Now there is a well-organized and 
well-equipped industry to aid in reconstruction, 
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At a recent meeting of the Institution of Structural Engineers, a well-known engineer 
had outlined the rebuilding problems. Assuming that there would be a shortage of 
bricks and seasoned lumber, but a ready supply of cement and steel, a unique oppor- 
tunity would present itself for constructing more efficient dwellings. He went so far as 
to suggest that all post-war houses might well be of concrete and he described the 
essential details of such construction, embodying flat roofs, thin walls with adequate 
insulation, an air raid shelter nominally serving the purpose of a cellar, reinforced 
floors, communal heating, etc. He said that the concrete pre-cast units must be stand- 
ardized as far as is reasonably practical; the architectural treatment must be suited to 
the construction and not vice versa. 


Corrosive effect of inorganic fertilizers on concrete 
ARTHUR F. Pitussury, Civil Engineering, V. 11, No. 6, June 1941, p. 348-349. Reviewed by J. R. SHANK 

The effects of nitrogenous commercial fertilizers in irrigation water on concrete 
pipe were tested at the Citrus Experimert Station of the University of California at 
Riverside. Concrete pipe containers for several commercial fertilizers in three different 
concentrations and 2 x 4-in. concrete cylinders immersed in the solutions were the 
specimens used. Tests were also made using canal water, distilled water and solutions 
of sodium sulfate. The exposures were continued for one year. Solutions were renewed 
weekly for four weeks and monthly thereafter. Periodically the pipes and cylinders 
were inspected for visible corrosion. The cylinders were finally tested in compression. 
Differences in absorption characteristics of fragments of pipe immersed in the various 
solutions were also investigated. Studies were included as to the effects of the concretes 
on the pH of the solutions and vice versa. 

Nine widely different cements of known compositions and physical properties were 
used. Commercial fertilizers used were ammonia (N H;) (actually 28 per cent ammonium 
hydroxide); ammonium sulfate (20.5 per cent NV); calcium nitrate (15.5 per cent N); 
“Calnitro” (20.5 per cent N) (ammonium nitrate with admixture of 35 per cent calcium 
carbonate); sodium nitrate (16.0 per cent N); and “Ammo-Phos” (16 per cent N, 20 
per cent POs). Three concentrations were used, viz; 1 normal, (440 ppm nitrogen 
concentration), 414 times normal, and 2214 times normal. One and 5 per cent solutions 
of sodium sulfate were used. Two acid solutions, 0.2 Grams H* and 5 Grams H* of 
sulfuric and nitric acids were also used. 


The strengths of the cylinders from the different cements under the different treat- 
ments were not various excepting for the sulfate treatments and for one cement having 
high C;A content and low specific surface where the strengths were down, and one with 
low C;A and C,AF contents where the strengths were high. 

The strengths for all of the sulfate and “Calnitro” treated cylinders were well below 
the others and those treated with ammonium sulfate were particularly low. The ‘‘Cal- 
nitro” cylinders had strengths about two-thirds of those of the others. The sodium 
sulfate cylinders were much varied from no strength for the high C;A, low specific surface 
cement, to 90 per cent of the others for the low C;:A, low C,AF cement. 

The different concentrations markedly affected only the “Calnitro” and sulfate treated 
cylinders. 

Ammonium sulfate and sodium sulfate alone expanded the concrete. 

Nitric and sulfuric acid did not affect the strengths. 

None of the fertilizers excepting ammonium sulfate showed appreciable harm to con- 
crete pipe lines when used in the customary manner. 


In general, the pH of the solutions increased when they stood in contact with the 
concrete for a period of several days to a week. 
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Gasoline storage tanks of concrete 
Teknisk Tidskrift, (Three Articles) Apr. 26, 1941. Reviewed by BeNncT FRIBERG 

“Tests and Practical Results for Under Water Storage of Gasoline in Concrete Tanks,” 
by Tor. H. Hagerman, Ph. D.—Tests which have been under way in Sweden since 
1938 for storage of oils and gasoline in water saturated concrete have given promising 
results. Further tests have been directed toward obtaining tanks of simple type and to 
investigate the effects of high pressures against the tank walls upon the stored fuel. The 
results have confirmed that little or no loss of gasoline occurs in storage. Laboratory 
tests with concrete in air showed capillary action of water three times as high as that of 
gasoline. 

A recent concrete tank for 25,000 gal. capacity was constructed as a closed tank com- 
pletely below the ground water level and anchored against uplift. Whether filled or 
not the walls are under pressure from the outside. Preliminary tests indicated a possible 
rate of infiltration as low as 15 gal. of water per year total. After four months’ full 
storage of gasoline, the amount of water below the gasoline was 40 gal., but analysis of 
this water indicated that some of it may have come with the gasoline from earlier 
storage. The apparent gasoline loss for four months was 230 gal. ,the actual loss con- 
siderably less as correction must be made for temperature change of gasoline and tank. 


“Construction of Concrete Tank for Storage of Gasoline,” by T. B. Host—The tank is of 
square cross section, 20 x 20 ft., 8 ft. 0 in. + inside height, with center stiffening walls in 
both directions, and a 5 cu. ft. sump at the center connecting all four compartments. 
A center shaft over the roof provides convenient access. The inside top of the tank is 
approximately 2 ft. below ground water level. For larger tanks the cylindrical form 
would be preferable. 

The tank was separated from the solid rock base to permit circulation of water all 
around the tank. Pre-assembled form elements were used for each quarter section. 
Form bolts and tie wires were not permitted to extend through the concrete. After 
completed construction the tank was filled with water for the duration of the curing 
period. The concrete had a water-cement ratio of .57 as placed, 590 lb. of cement per 
cu. yd. concrete, and four different aggregate sizes to obtain a watertight concrete with- 
out hairline cracks. 


“Concrete Tanks for Storage of Gasoline,” by H. GRannotm—The author proposes a 
type of tank for storage of gasoline under outside water pressure for use where it is not 
convenient to locate the tank under an outside water surface. 

The proposed tank construction consists of an outer section, dimensioned and rein- 
forced to withstand inside water pressure, eventually outside soil pressure, and an 
inside section constructed to withstand outside water pressure. Between the two is a 
thin layer of a porous plaster or saturable mortar. Little reinforcement is required in 
circular inside walls. It will be convenient to construct the outside sections for floor 
and walls before the inside, and the reversed order for the roof, to permit the most 
convenient operations. Water from a small reservoir over the roof penetrates and 
saturates the porous plaster between the outside and the inside concrete shell, providing 
pressure against the gasoline inside the tank. In a central inspection shaft tank valves 
can be placed and the water pressure effectively controlled. 


The practice of prestressed concrete 

Dr. Puston, Beton und Eisen, V. 39, No. 11, p. 150 (June 5, 1940) Reviewed by A. U. THevEr 
The author describes a recent trend in the adoption of an entirely different set of 

statical combinations of steel and concrete from those conventionally used in reinforced 

concrete construction over the past forty years. Although neither new nor even un- 

familiar, the adoption of these principles result in a unique type of structure. 
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The causes leading up to this development are discussed at length. Briefly, the 
recent advances in the development and availability of high strength yield point steel, 
the acute shortage of steel (Germany) and the difficulty of utilizing the special properties 
of high strength steels in conventional reinforced concrete design are the factors held 
responsible. 

All of the structures described have this in common: they provide greater efficiency 
in the utilization of high strength steel in combination with concrete. The methods 
adopted for this purpose, however, naturally drop the structures into two distinct classes: 

(1) Those where steel is introduced into a monolithic unit while held in a stressed 
condition. (This type of construction has been adequately dealt with in past literature 
. under the general heading of prestressed concrete.) 

(2) Those in which the steel is taken entirely out of the cross-section of the com- 
pressively stressed concrete so that it may be influenced in an independent fashion, and 
either due to the method adopted in construction or by artificially applied forces stressed 
in tension without a similar stress being introduced in the surrounding concrete. 

In its simplest form the trussed beam will serve as a sample of the type. It is here 
perhaps that the article’s principal interest lies. Data, as well as references to a number 
of structures built during the past six years, are given. 

To this reviewer the most interesting structure described is the Wiedenbruck bridge 
shown by a schematic sketch below: 











The introduction of a hinge near the center of the compression member or chord 
results in a statically determinate structure. (The pre-stress in the steel is introduced 
by way of controlled centering.) The quantity of steel required was but one-third that 
required for a comparable all-steel structure. According to the designer, freely supported 
beams of the type may be economically built for spans up to 230 ft. and a depth of 17.0 
ft. 
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l INTRODUCTION 


1. This report has been prepared in response to an expressed need for 
an outline of good practices for measuring and mixing the ingredients 
for concrete and for placing the finished product. 


2. At the outset the Committee faced the question whether it should 
describe “common practices” or “best practices.’ Since this report is 
a recommendation, and not a specification, it is believed that the in- 
terests of progress in the development of concrete construction will be 
better served if the best methods known are outlined. 


3. On small jobs, or in the more competitive uses of concrete such as 
building construction, practices somewhat more relaxed than those 








*A report of Committee 614 was published in ACI JourNnat, Feb. 1940, Proceedings V. 36, p. 329, released 
by the Standards Com. as information and for discussion (see Sept. 1940 Supplement, p. 352-1). In closing 
the preliminary discussion the Committee proposed revisions of the original report. Subsequent consider- 
ation in the committee developed other revisions. In the present revised form (received by the Institute 
Oct. 15, 1941) the report is released by the Standards Committee for Convention consideration on a proposed 
motion for adoption as an ACI standard. The report has been approved by 13 of the 15 members of the 
Committee, two members not voting. 

For convenience in considering the present, revised draft of a former report note that the paragraphs 
of the present draft which are new or largely so or which contain revisions from the preliminary report 
are indicated in the following list of paragraph numbers by affixing ‘‘R’’ for revised or ‘‘N”’ for new. 

i—Introduction: 4 and 5R 
1i—Measurement: 2, 3 and 9R. 

1ti—Mixing: 1, 2, 4, 7, 11, 13, 14 (including (b) and (c))R; 15, 16 and 17N; 18 and 20 R. 

i1V—Placing: 3,7 and 8 R; 9N. 

V—General Considerations: 1R; 4, 5,6 and 7N; 8 and 9R. 
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here recommended may be economically justified. The profitable 
degree of such deviation must be determined by those in charge of 
each job, in view of the conditions which obtain. In general, the 
Committee has no evidence that good concrete operations cannot be 
performed as economically as poor ones or that the methods here recom- 
mended, where applicable, will result in higher ultimate costs than other 
methods. The refinements recommended are intended primarily to 
improve uniformity and to eliminate segregation in aggregates and 
concrete. Where properly executed, the methods described have re- 
sulted in smoother operation and any additional costs resulting from 
them have been offset by consequent higher production rates. 

4. It has been assumed that whoever will give serious consideration 
to these recommendations will have a reasonable knowledge of the 
ordinary practices and preparations required in concrete work. For 
that reason, many routine instructions for measuring, mixing, and placing 
concrete are omitted. Since the specific objective of these recommen- 
dations is maximum uniformity, homogeneity and quality of concrete 
in place, special consideration is given practices designed to accomplish 
that end. In order to portray more clearly certain of the principles in- 
volved and their application to concreting operations, four figures are 
included as a part of these recommendations, illustrative of some examples 
of good and bad practice. 

5. For further discussions of the standard aspects of measurement, 
mixing, and placing, the reader is referred to the 1940 Report of the Joint 
Committee on Standard Specifications for Concrete and Reinforced 
Concrete and to the particularly excellent and specific document of 
recommended practice adopted by the American Association of State 
Highway Officials relating to Measuring, Mixing, and Placing of Con- 
crete for Use in Concrete Pavements. With the recommendations of 
those reports, ACI Committee 614 is, in general in accord, although a 
few exceptions in details or in emphasis may be noted. 


ll. MEASUREMENT 

Essential requirement 

1. Equipment should be used which is capable of performing accurate 
measurement. Materials should be handled, and measuring operations 
performed in such a manner that satisfactory reproducibility of the 
selected batch assembly and aggregate grading is obtained batch after 
batch. The objective is ultimate uniformity and homogeneity of the 
concrete. 
Aggregates 

2. The number of separate sizes of coarse aggregate which should be 
used, to reduce segregation in handling to a practical minimum and 





MEASURING, MIXING AND PLACING CONCRETE 95 


to permit reasonably close control of the grading from batch to batch, 
is dependent upon the maximum size of the material. For particles 
larger than 1 inch, the ratio of the maximum to the minimum designated 
sizes should not exceed 2; for coarse aggregate particles finer than 1 inch, 
this ratio should not exceed 3. The permissible tolerance of undersize 
or Oversize material in each designated size of aggregate should not 
exceed 10 per cent, and handling operations should be such that varia- 
tion in these portions of such material is held to a practical minimum. 


3. The maximum size of sand should not exceed that which will pass 
a screen having '4-in. openings if it is screened and handled dry. The 
standard No. 4 sieve (3-in. openings) represents a suitable maximum 
size for wet screened sand which is to remain damp throughout all 
handling and batching operations, except when the use of the smaller 
size is desirable to control the percentage of pea gravel (about No. 8 
to 3%-in.) in the mix. When two sizes of sand are used to obtain proper 
grading, no attempt should be made to blend them by placing alternate 
amounts in stock piles or in cars and trucks as loaded or by other equally 
crude procedures. With adequate equipment and ample supervision 
and inspection, good results are obtainable, when the fine aggregate is 
produced, by blending the different sizes of sand as they flow into a 
common stream from regulating gates or feeders. Such methods can, 
however, produce very irregular results. For the majority of work, 
separate batching of the fine and coarse sand is preferable since it will 
produce consistently uniform results under the wide range of common 
plant and job conditions. 


_ 


4. The production or purchase of sand should be controlled insofar 
as possible to minimize variations in grading, particularly in the finer 
sizes. In plants where sand is washed, care should be exercised to avoid 
removal of fines essential to good grading and to plastic, workable 
concrete. For sand passing a 4-in. screen, 20 per cent finer than 50 
mesh is considered close to an ideal percentage of fines for average 
concrete work. Lean mixes are benefited by ample percentages of such 
fines while rich mixes are improved with a smaller percentage of these 
sizes. 

5. Varying amounts of water in aggregates commonly contribute to 
lack of uniformity. Effort should be made to maintain a uniform mois- 
ture content in the aggregate supplied for batching. For this reason 
aggregates from dry deposits, if not high in absorption, may preferably 
be prepared and handled dry when washing is not essential. Before 
placing the material in batcher bins, wet aggregates should be drained 
until, by actual test, there is little difference in the moisture content 
of the wettest and driest portions of the materials. Adequate drainage 
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will require at least 8 hours and additional time may be necessary, 
depending on the grading of the material and the efficiency of the drain- 
age system provided. On large jobs when thorough drainage is difficult, 
an electric moisture indicator in the sand batcher and a consistency 
meter on the mixer will permit rather close control of consistency, even 
when there are wide fluctuations in aggregate moisture. * 


6. Aggregates should be handled in stockpiles and bins in a manner 
producing minimum segregation of sizes. Stockpiles should be per- 
mitted only when built up in layers no thicker than those resulting 
from truck loads dumped on the same plane. When stockpiling sand 
and pea gravel, segregation may be further avoided if moisture con- 
tents of at least 5 and 2 per cent, respectively, are maintained. Coarse 
aggregate should be removed from stockpiles, by clamshell bucket. or 
other means, in horizontal layers of such width that aggregate is not 
permitted to run down the slopes at the edge of the pile. Storage bins 
should have the smallest practicable equal horizontal dimensions. Round 
bins are preferable. Bins should have only one outlet located at the 
center of a bottom sloping to it from all directions at not less than 50 
degrees from the horizontal. They should be charged by material fall- 
ing vertically directly over the outlet. They should be kept as full as 
possible at all times to avoid breakage and grading changes as the bins 
are emptied. 


7. Reference is made to the sketches, a part of these recommendations, 
for illustrations of preferred practice in the handling of aggregates. Un- 
less precautions are exercised in the selection and handling of aggregates, 
refinements in measuring, mixing and placing are nullified. 


Batching aggregates 


8. For jobs of from 2,000 to 5,000 cu. yd., the cost of hand batching 
soon justifies a simple weigh batcher installation, into whose bins aggre- 
gates may be delivered directly. As the size of the job increases, the 
saving in materials and the prevention of contamination by dirt or by 
other sizes adds considerably to the balance in favor of bins as opposed 
to dumping materials on the ground. As the size of the work increases 
still greater refinement should be required. 


9. From 2,500 to 10,000 cu. yd. jobs, cumulative manual weigh batch- 
ing and from 10,000 to 25,000 cu. yd., cumulative automatic weigh 
batching are recommended. For jobs of over 25,000 cu. yd., require- 
ment of individual automatic weighing of the aggregate is justified by 
the improved perfection of uniformity of measurement. (See favored 
sketch.) If good inspection and dependable plant men are available, 


*Engineering News-Record, Page 52, July 11, 1935, 
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Fig. 1—Correct and incorrect handling of aggregates in storing and batching 
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it may not be economically justifiable to require new equipment, especi- 
ally for the smaller jobs in the foregoing brackets. 


10. Individual automatic and cumulative manual aggregate batchers 
should be charged through easy operating clamshell or undercut radial 
type gates. Power-operated gates are used with the automatic batchers 
and may be used with the manual batchers. Where necessary for the 
required degree of accuracy, the gate charging the automatic equipment 
should be arranged to operate with a suitable “dribble’’ after there is 
nearly the desired quantity of material in the batcher. Automatic 
cumulative batchers should preferably be supplied from short conveyor 
belts operating between the center of the bin bottom and the batcher. 


Batching cement 


11. Cement for large jobs should be handled in bulk and weighed for 
ach batch, preferably automatically. New equipment for this pur- 
pose probably is not justified except on jobs of well over 10,000 cu. yd. 
Cement should never be weighed with the aggregate. Sacked cement 
should be measured in units of not less than one sack unless the frac- 
tional bags are weighed. 


12. Bulk cement batchers should be charged by means of controlled 
screw conveyors or equally effective devices. Moisture should be 
thoroughly removed from ‘the air used in jets to loosen the cement in 
storage. Cement hoppers and batchers should have smooth metal or 
metal covered sides with rounded corners. Silos, bins, and hoppers for 
cement should be governed by principles outlined above for aggregate 
bins. Control should be available on the batcher discharge gate so 
that, in event of over-run, the excess cement may be withheld unless 
it is removed before the batch is discharged. 


13. Modern specifications issued by government and highway agencies 
contain excellently detailed specifications for manual and automatic 
weigh batching equipment for cement and aggregate. Ordinarily, the 
present equipment on the market, when in good mechanical condition, 
will have approved tolerances in weighing ability. Operation should be 
required within a degree of accuracy of 1 per cent for cement and 2 per 
cent for aggregate. 


14. Bulk cement is often lost or scattered indescriminately in dropping 
from the batcher to trucks or batch cars below. Free fall of cement 
should never be permitted. A typical good method of preventing this 
is to enclose the discharging cement in a narrow canvas boot long enough 
so that its outlet may be buried in the cement when loading portable 
batch compartments. Such compartments should contain a separate 
section for the cement, attached to and operating with the individual 
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batch release gate. The boot may be used as a tremie or the cement may 
be eased into the compartment by controlling the amount of kinking 
or doubling back of the canvas at the lower end of the boot. The canvas 
may then be lifted, shaken, and dropped into the next compartment. A 
telescopic rubber hose drop-chute from the cement batcher is also avail- 
able for this purpose. If a separate section is not provided for the cement 
in each batch compartment, or the cement is not enclosed in the aggre- 
gate, tarpaulin covers should be required during transportation. For 
placing bulk cement into a batch hopper for a stationary mixer, a pipe 
of suitable size to hold the cement should extend from the batcher dis- 
charge to a level near the bottom of the hopper. After covering the 
end of this with the aggregate, the cement may be discharged. It will 
then enter the mixer without loss of dust, and it will be well distributed 
through the entering aggregate. 


Water measurement 


15. Water measurement on the larger jobs justifies the recommenda- 
tion that for pavers and other portable mixers, there be used only auto- 
matic meters of proved mechanical dependability, or automatic meas- 
uring tanks of the vertical cylinder center-siphon discharge type, capable 
of routine measurement within an accuracy of 1 per cent under all 
operating conditions. For central mixing or batching plants, either of 
these devices or automatic weigh batchers of proved dependability and 
accuracy within 1 per cent should be required. Tanks should be per- 
mitted only as an auxiliary part of the automatic meter or weigh batcher, 
but not as a means of measurement, except in the form of a vertical 
cylinder with center-siphon discharge. 

The small jobs 


16. For the small job, usually less than two to five thousand cubic 
yards, concreting operations are likely to be so irregular that many of 
the foregoing preludes to uniformity in the concrete, as far as aggregate 
preparation and handling are concerned, are often next to impossible of 
attainment. It is well to keep them in mind, however, as standards to 
be used wherever possible. Cement should be handled and measured 
in sacks. Mixers should be of sufficient capacity and batches of such a 
size that no fractional bags of cement are required unless they are weighed 
for each batch. Water measuring equipment of expensive refinement 
may not be economical for the small job, but the use of simple equip- 
ment that is accurate, positive and dependable is justified and should 
be required. A manually operated standard disc water meter, of capac- 
ity according to the size of the mixer, equipped with a vertical-face, 
set-back register is not expensive and is recommended where water 
temperatures do not exceed 100°F. A vertical cylinder tank with center- 
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siphon discharge is equally satisfactory, and should be used if water 
temperatures are greater than 100°F. Aggregates should be weighed. 
In a metropolitan area where weigh batched aggregates or plant con- 
trolled ready mixed concrete is available, one of these should be used, 
even at a reasonable premium, in preference to handling and measuring 
the materials on the job. Where such services are not available, the 
quantities for each batch should be weighed in wheelbarrows or buggies 
on platform scales now generally available for this purpose on small jobs. 
General 

17. If standards of uniformity, such as are readily obtainable with 
modern batching equipment, are to be maintained uniformly through- 
out an operation, there is greater need for emphasis of correct procedure 
in incidental operations than on the actual weighing of ingredients. 
Care should be exercised that batches accurately assembled arrive as 
uniform batches in the mixer. These sources of error should be avoided: 
(1) Over-lap of batches in loading and discharging multiple batch trucks 
and cars. (2) Loss of material in transferring batches to the skips of 
portable mixers. (3) Loss or “hang up” of a portion of one batch, or 
its inclusion with another, when dry batches are transferred by means 
of belts and hoppers. All such damage to the correctness of the quan- 
tities in each assembled batch should be strictly avoided and methods 
should be approved or discarded accordingly. 


ill. MIXING 

Essential requirements 

1. Thorough mixing is, of course, a first essential. Equipment and 
methods used shall be such as to insure uniformity of strength, and 
uniformity of consistency, cement and water content, and aggregate 
grading from beginning to end of each batch as discharged. For con- 
crete work of the highest general quality, mixing equipment should 
be used which is capable of handling conerete suited to the particular 
work, from the standpoint of its placeability and workability in the 
forms (preferably by means of vibration where this is applicable). Mix- 
ing equipment requiring, for efficient operation, mixes containing larger 
proportions of sand, cement, or water than indicated for best results 
on the basis mentioned is not recommended. 


The mixer 

2. The mixer should preferably have a combination of blade arrange- 
ment and drum shape such as to insure an end to end exchange of the 
materials parallel to the axis of rotation as well as a rolling, folding, or 
spreading movement of the mix over on itself as the batch is mixed. 
Otherwise the action should be such that comparable mixing efficiency 
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and uniformity of the batch is obtained within a reasonable mixing 
period. The mixer should be operated at the speed designated by the 
manufacturer, unless a reasonable change of speed definitely shows 
better results. 

3. Any mixer leaking mortar or causing waste of materiais due to 
faulty size, shape, or operation of charging equipment should be taken 
out of service immediately until satisfactory repairs and improvements 
have been made to eliminate such waste. Hardened concrete or mortar 
should not be permitted to accumulate on the inner surfaces of mixing 
equipment. Worn blades should not be continued in service when 
they materially decrease mixing efficiency. 

Size of batch 


1. The size of the batch in job mixers should not exceed the manu- 
facturer’s guaranteed capacity of 10 per cent more than the rated capac- 
ity of the mixer. The rated capacity should be exceeded only when: 
(1) it results in no loss of mortar during mixing, and (2) tests show 
the larger batch to be properly mixed. When, to shorten time of dis- 
charge or to reduce segregation due to retention of coarse aggregate, 
it is desired to retain a portion of the batch in excess of the normal 
“hold back,” the amount of material held back should be taken into 
account in fixing the size of the batch in relation to the capacity of 
the mixer. 

The charging operation 


5. All ingredients of the mix should enter the mixer promptly and as 
uniformly as possible at the same time. It is particularly important in 
charging stationary mixers that the solid materials be arranged in 
the charging hopper in such a manner that no one of them enters sepa- 
rately but that proportional amounts of each (particularly of cement 
and sand) will be in all parts of the stream of material as it flows into 
the mixer. To avoid “gumming” and for greater uniformity, cement 
should never be charged separately, especially ahead of the aggregates 
but should be enclosed within the other materials. Water for the batch 
should be released first and continue to flow while the solids are enter- 
ing the mixer, and should have completed flowing shortly after the 
last of the batch has entered the drum. This flow should not continue 
for more than the first 25 per cent of the mixing time, and should be 
stopped as much short of this as the apparent requirements of good 
operation of the particular mixer will permit. Where meters are used, 
and particularly if water pressure is low, auxiliary tanks, into which 
the quantity of water for the batch may be measured in advance, equipped 
with a discharge pipe to the mixer of such a size as to insure the fore- 
going rate of delivery, may be necessary. 
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Mixing time 

6. The net mixing time for a one-yard or smaller mixer when mixing 
gravel concrete of medium consistency containing 1.5 bbl. or more 
of cement per cu. yd. should not be less than 1 minute under the best 
conditions. For concretes containing less cement, mixed to drier con- 
sistencies, or containing an unusually harsh mixing aggregate, time 
should be increased 25 per cent to 50 per cent according to the degree 
of departure from concretes of the most readily mixed type. 


7. For job mixers larger than one cu. yd. capacity, particularly when 
mixing mass concrete, a nominal minimum net mixing time of 1 min- 
ute plus 4 minute for each additional cubic yard of capacity should 
be required. The use of mixers unable to pass subsequently prescribed 
tests for mixing efficiency after twice this period of mixing and when 
charged indescriminately, should be prohibited. The total net mixing 
time for mixers meeting this test should be the foregoing minimum 
(determined by the size of the mixer) plus such additional time as 
necessary to bring the batch within the requirements of the mixer effi- 
ciency test when the mixer is charged and operated in accordance with 
practice which may be established as routine for the job. 


8. The mixing period should be measured from the time when all the 
solid materials are in the mixer drum provided that all the mixing 
water shall be introduced before 25 per cent of the mixing time has 
elapsed. Over-mixing of more than three times the above required 
periods should not be permitted and for that reason all mixing equip- 
ment should be so. arranged that it can be stopped and started under 


full load. 


9. A batch timer and counter, including an automatic lock which will 
release the discharge lever only at the end of the proper mixing period, 
and an audible indicator, should be installed and maintained in opera- 
tion on each concrete mixer. On truck mixers the audible indicator 
is unnecessary. For jobs requiring 2 cu. yd. or larger stationary mixers 
a recording watt meter or consistency meter has definite advantages 
and should be required on each mixer because it is more reliable as a 
batch counter, and because it provides a permanent record of number 
of batches, type of batch, mixing time, retempering, and the uniformity 
of consistency. Failure of any of this equipment should be sufficient 
‘ause for discontinuance of the use of the mixer until the device is re- 
paired or a new one is installed. 


Retempering 
10. Retempering or indiscriminate addition of water to delayed 
batches which have become stiffer than the usual consistency should be 
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prohibited. Under careful supervision an increment of water may 
sometimes be added with results beneficial to essential workability, 
provided the maximum allowable water-cement ratio is not exceeded. 
Concrete delayed in placing should not be wasted unless the amount 
of additional water, necessary to restore sufficient workability to per- 
mit it to be placed, would exceed the allowable water-cement ratio. 
Batches considerably wetter than the specified consistency, or batches 
in which there has been some obvious error in the measurement of solid 
ingredients, particularly a shortage of cement, should be wasted unless 
proper corrections can be made at once and the corrected batch thor- 
oughly mixed. 


Ready mixed concrete 


11. The use of ready mixed concrete is an important development in 
connection with general concrete construction—particularly in metro- 
politan areas. A ready mixed concrete operation, adequately equipped 
and supervised, affords excellent opportunities for the control of con- 
crete quality. Thus, ready mixed concrete may be made to offer the 
small job the control facilities ordinarily available only to large jobs. 

12. Ready mixed concrete may be centrally mixed, truck mixed 
(mixed in transit), or partially centrally mixed and partially truck 
mixed (often referred to as “shrink-mixing”’). The use of ready mixed 
concrete introduces certain new problems of control to which, while 
not fundamentally different from those encountered in other forms of 
concreting operations, attention should be directed. 

13. Centrally mixed concrete presents about the same problems as 
job-mixed concrete which must be transported for considerable dis- 
tances from the plant to the place of deposit. The possibilities of loss 
in consistency, resulting from lapse of time between mixing and placing, 
should be given consideration. For normal periods and temperature, 
and when agitator trucks are used for transportation, this factor is 
generally negligible. Nevertheless, precautions should be taken to 
minimize loss of slump by expediting delivery, eliminating delays and, 
in warm weather, keeping the concrete as cool as practicable by using 
cold mixing water, avoiding hot cement, and by shading and sprinkling 
aggregate. Under conditions where loss of workability cannot be 
otherwise controlled and is likely to be a serious matter, mixing at the 
forms or adequately controlled truck mixing as hereinafter outlined, 
will eliminate the difficulty. 

14. In the case of truck mixing operations it is necessary to exercise 
more than usual control of all factors governing consistency because of 
the difficulty of judging consistency until the concrete is delivered 
and discharge is started. Variations in consistency may be minimized by: 
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(a) Handling aggregates in such a manner as to reduce variations in 
grading and moisture content to the greatest practical extent. 


(b) Exercising accurate control over the quantity of mixing water 
which may be admitted to the truck mixers. 


(c) Telephone communication between the point of placing and the 
batching plant to keep minimum the quantity of concrete arriving be- 
fore a change order goes into effect. 


(d) Responsible technical supervision of the entire operation. 


15. In some cases satisfactory control may be readily obtained only 
by withholding the final increment of the mixing water until the mixer 
arrives at the form and then doing the additional mixing as necessary 
to incorporate thoroughly the added water. As pointed out earlier, 
complete truck mixing en route will produce consistencies of satisfactory 
uniformity, with minimum water content, only when special care is 
exercised in the control of grading and moisture content; in the absence 
of such control resort should be made to mixing at the forms or to com- 
pleting the mixing at the forms. While every effort should be made to 
have concrete batches arrive at the job at a suitable consistency, it is 
possible to make adjustments after arrival if proper provisions are made 
in specifications and on the job. If the batch arrives too dry, but con- 
tains less water than the maximum allowed, additional mixing water, 
within specification limits, may be added and additional mixing done 
at the job site. In general, batches which arrive too dry, and already 
contain the maximum allowable mixing water, or batches which arrive 
too wet, should be rejected. However, adjustments may be made 
where conditions permit, although they are to be avoided since they 
interfere with orderly routine. Every care should be exercised to see 
that concrete arrives at the job with the desired consistency. 


16. Truck mixers should be operated at a mixing speed in accordance 
with the recommendations of their manufacturer and should also be 
vapable of operating at a suitable lower agitating speed of not less than 
2 nor more than 6 r.p.m. of the drum. The time of mixing in truck 
mixers should be not less than 50 revolutions of the drum or blades at the 
rate of rotation specified by the manufacturer as mixing speed. The 
volume of the batch should not exceed the manufacturer’s rating of 
the truck mixer’s capacity and, in any event, should not be greater than 
fifty-seven and one-half (57.5) per cent of the gross volume of the drum 
or container. If, from any cause, this amount of mixing is insufficient, 
as determined by the subsequent tests for mixer efficiency or by other 
means, additional mixing should be required until satisfactory results 
are obtained. In truck mixing and shrink mixing, not more than 150 
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revolutions of the drum should be at a peripheral speed in excess of that 
designated as agitator speed. Additional mixing, if necessary, should 
be at agitator speed. 


Measure of mixing efficiency 


17. The efficiency of the mixing operation in intermingling the con- 
stituents of the concrete in all types of mixers should be such that at 
the end of the prescribed or permitted mixing period spread in the 
water-to-fines ratios, W/F, of three 1500-gram samples of mortar from 
well separated localities in the mixer, should be within ten per cent of the 
average of the three samples; W being the mixing water and F being the 
cement and other fine material passing the No. 100 screen. * 


18. The ratio of coarse aggregate to mortar should appear to be uni- 
form in all parts of the mixer on visual inspection and this should be 
borne out by subsequent observation of the workability of the concrete. 


The discharge operation 


19. No portion of the time required for discharging any type of mixer 
should be considered a part of the required net mixing time. The dis- 
charge facilities of all types of mixers should be capable of ready dis- 
charge of concrete of the stiffest consistency which should be placed by 
means of vibration. To meet this requirement, all mixers should be 
capable of ready discharge of concrete of 1 inch slump. 


20. To preserve the uniformity of distribution of materials and the 
usual homogeneity of the concrete in the mixer immediately prior to 
discharge, all types of mixers discharging into hoppers, buckets, cars, 
ete., should be so equipped that the concrete will drop vertically, not 
diagonally, into such containers in accordance with the principles shown 
in the sketches which constitute a part of these recommendations. Sep- 
aration of coarse aggregate from the mortar, commonly resulting as 
concrete is discharged from the mixer, is thus avoided. 


21. The blade arrangement and discharge mechanism of all types of 
mixers, including agitating, shrink, and truck mixers, should be such 
that the amount of aggregate larger than °4 inch in any portion of the 
batch will not differ by more than 20 per cent from the amount of such 
aggregate in any other portion of the batch. This may be determined 
readily by comparing the weights of coarse aggregate retained when at 
least 200 lb.t of concrete from each portion of the batch in question is 
washed over a °4-in. screen. Until or unless equipment is available 
which will meet this requirement, and is operated in this manner, when 


*For one method of test see ‘Mortar Test for Mixer Efficiency,’’ Method B, U. 8. Bureau of Reclama 
tion Concrete Manual, third edition, January 1941, p. 419 

tA 500-lb. sample is preferable if it does not contain portions of the batch other than those supposedly 
represented. 
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the fraction of the batch containing excessive amounts of coarse aggre- 
gate is ordinarily the last portion discharged, that fraction should be 
withheld from discharge and mixed with the succeeding batch. As 
heretofore recommended in this case, the size of batches charged into 
the mixer should be reduced by this amount. In some truck mixers 
this type of separation may be avoided by reversing the direction of 
rotation for one or two revolutions prior to the final discharge. 

General 


22. In general, all of the foregoing recommendations should be con- 


sidered where applicable in connection with the mixers of proper capac- 
ity for the job regardless of the size of the job or its classification. 


IV. PLACING 


Essential requirements 


1. Only those methods and arrangements of equipment should be 
used which will reduce to a minimum the separation of coarse aggre- 
gate from the mortar at all points from the mixer to the forms. For 
highest quality of concrete in place, the placing equipment should be 
considered for its ability to handle mixes ideal for the particular work, 
from the standpoint of the concrete placeability and workability in the 
forms (preferably by means of vibration where this is applicable). Equip- 
ment should be capable of expeditious placing of concrete of the proper 
consistency, grading and maximum size of aggregate, at the rate most 
advantageous to good workmanship. Selection or approval of any 
part of placing equipment requiring, for efficient operation, mixes con- 
taining larger proportions of sand, cement, or water, or smaller coarse 
aggregates, than indicated for best results on the above basis, is not 
recommended. 

Avoidance of separation 


2. The most important consideration in handling and placing concrete 


is the avoidance of separation of coarse aggregate from the concrete. 
Particular attention must be paid to that tendency at ends of chutes 
and conveyor belts, at hopper gates and at all other points of discharge, 
if uniformity and homogeneity of concrete in place and good work- 
manship are to be assured. No consideration should be given to the 
common fallacy that separation occurring in handling will be eliminated 
in the course of other operations. Separation should be prevented——not 
corrected after its occurrence. 

3. Important in arranging equipment to prevent separation is the 
provision that the concrete shall drop vertically into the center of what- 
ever container receives it. The importance of this increases very greatly 
with increases in slumps, maximum size, amounts of coarse aggregate, 
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Fig. 3—Correct and incorrect methods of placing concrete 
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and with reductions in cement content. Falling concrete should be 
closely confined in a down pipe of the proper size to within a few feet 
of the place of deposit in the forms or other container and the final drop 
must be vertical if separation is to be prevented. Application of this 
principle to various common details of concrete handling equipment is 
shown in the accompanying sketches. 


4. Where applicable, the use of bottom discharge buckets is a superior 
method of handling and placing mass concrete, provided: (1) they are 
of a size, and may be discharged in a manner and with such frequency, 
that the concrete may be placed in approximately horizontal layers 
while the previous layer is still soft; (2) they are capable of discharging 
concrete of the stiffest consistency specified; (3) successive batches are 
so placed as to afford opportunity for thoroughly working the concrete 
by means of internal vibrators; (4) only complete mixer batches are 
placed in the bucket; and (5) separation is avoided in filling the buckets 
(see sketch). 


5. Concrete should not be dropped through reinforcement steel, or 
into any deep form whether reinforcement is present or not, so as to 
cause separation of the coarse aggregate from the mortar by repeatedly 
hitting rods or the sides of the form as it falls. For placing under such 
conditions, hoppers and, if possible, vertical ducts should be used in 
the forms, or other means employed so that the concrete may reach 
the place of final deposit without separation or coating the steel and 
forms with mortar that will dry out long before it can be covered with 
concrete. In difficult cases of deposit of this kind in deep, narrow, re- 
inforced walls, where even narrow rectangular ducts can not be in- 
serted, good results may be obtained by closing each third space be- 
tween studs on one side of the wall for a duct through which to drop 
the concrete which then enters the form through holes cut in the sheath- 
ing at vertical intervals not greater than 4 ft. as the concrete rises to 
each opening. A pocket should be provided at the bottom of each duct 
successively, below each opening, so that the concrete will stop and 
flow easily over into the forms with minimum scattering and separation. 
A good internal vibrator should be in operation on each side of an open- 
ing while concrete is entering the forms. 

Vibration 

6. Except for a few special sections, such as thin slabs, no method of 
compaction and consolidation of concrete in place is superior to effec- 
tive internal vibration. Vibration contributes general improvement to 
concrete work in the fact that superior workmanship may be obtained 


at lower cost, and because it permits successful routine use of a concrete 
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less wet than the usual “medium” consistency, resulting in more durable, 
higher quality concrete. The advantages and importance of vibration 
where applicable are now so well established that it is worthy of serious 
favorable consideration for small jobs of a few hundred yards, and its 
requirement is recommended for all larger concrete work. 


7. Detailed recommendations are omitted here and the reader is re- 
ferred to “ Recommendations for Placing Concrete by Vibration” reported 
by ACI Committee 609, ACI JournaL, Mar.-Apr. 1936; Proceedings 
V. 32, p. 445. Sufficient to say that the name of vibration is not enough. 
kquipment should be powerful, of high frequency, efficient, and rugged. 
Operators should be experienced, competent, dependable and energetic, 
Ample standby units and parts should be provided. Care should be 
exercised that concrete is not over-vibrated, particularly if it exceeds 
fin. in slump. Vibrators should not be used improperly to “transport” 
concrete in the forms. Vibrators should be inserted and withdrawn at 
many points, from 18 in. to 30 in. apart, for short periods, (usually from 
5 to 15 seconds is sufficient) in preference to insertion for longer periods 
at wider intervals. Systematic spacing of insertions of the vibrator 
should be established to insure that no concrete remains unvibrated., 


8. Inadvertent or intended revibration of concrete or steel embedded 
in it, any time before the concrete becomes so far set that it will not 
again become plastic by continued vibration, is not detrimental but 
may actually increase the strength of the conerete and its bond with 
the steel. As far as the ordinary job is concerned there is little likeli- 
hood of damage from revibration of lower lifts or from vibration trans- 
mitted by the steel, provided there is avoidance of actual rupture of 
newly hardened concrete that will not again become plastic by the 
vibration. This condition can be determined by an experienced oper- 
ator from the action and sound of the vibrator. 


9. In some cases, vibration may be advantageously supplemented by 
spading at the face of the forms, The use of flattened spading tools or 
rods (together with concrete placed in shallow lifts) is helpful in liber- 
ating air bubbles which often deface vertical walls and invariably are 
found on surfaces molded by forms which slope toward the concrete, 
Under sloping forms vibration without spading tends to aggravate the 
characteristic imperfections usually found on such surfaces and over- 
vibration is particularly undesirable. (It is in the improvement of such 
surfaces that absorptive form lining is finding a very valuable applica- 
tion.) At corners, obstructions, and other points where perfect placing 
may be in question, supplementary hand rodding of the concrete is 


desirable, 
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Provision for handling concrete of the proper consistency 

10, Objection is frequently made on the job to a relative stiff con- 
sistency which will not flow down a certain chute, drop out of a certain 
hopper or discharge through certain gates, although it is freely admitted 
that it is readily workable in the forms, particularly when properly 
vibrated. Such an objection is not valid and should not be sustained 
if the drier consistency has been determined in advance to be of prac- 
ticable workability in the forms and has been made a requirement of 
the specifications. It is the function of concrete handling and placing 
equipment to handle and place concrete of proportions and consistencies 
that can be properly worked in the forms and selected for the results 
required in the forms. Limitations on consistencies and proportion 


should not be imposed by inadequate chutes, hoppers or gates 


11. Thus it is important, in the design and approval of concrete hand 
ling equipment that chutes, where necessary, be amply steep, metal o1 
metal lined, round bottomed, of large size, rigid, and protected from 
overflow. Discharge gates and hoppers should be large enough to 
pass quickly and freely concrete of the stiffest consistency likely to 
be found practicable for placing in the forms by means of vibration 
In many cases chutes steeper than 2 to 1 should be used, and double 
or triple the usual area of hopper outlets and gates would not be ex 


COSBIVE, 


12. xcept where loss of slump due to delayed placing is unimportant 
and no increase in the original amount of mixing water is made because 
of it, or when remixing without additional water after a period of delay 
is desirable and practicable for reduction of shrinkage due to setting, 
every effort should be made to keep as short as possible the time elapsed 
from the moment water and cement come together, and the arrival of 
the concrete in the forms, This facilitates control of uniformity of con 
sistency of the concrete in the forms, and reduces to a minimum the 
water content of the concrete, and the variable loss of slump between 
the mixer and the forms, For this same reason concrete should not be 
exposed in thin streams in long chutes or on long conveyor belts in 
which condition it is subject to the variable effects of all kinds of weather 
It should not be necessary to mix the concrete any wetter than it may 
be worked in the forms by means of vibration 


V. GENERAL CONSIDERATIONS 


1, In mixing and placing concrete, all concerned should remain aware 
that shrinkage cracks and lack of durability are primarily proportional 
to the volume of mixing water per unit volume of concrete within the 
range of practical and suitable mixes for most work, ‘Though in many 
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cases they are, they may not be correlative to the water-cement ratio 
except for mixes otherwise identical in aggregate and cement content, 
or for mixes identical only in water content and consistency. An ex- 
ample is the case in which both cement and water are added without 
changing the water-cement ratio but with an increase in slump. Another, 
when increases in cement and water are accompanied by use of finer 
grading of aggregate resulting in little change in consistency. Such 
variations in unit water content proportionately affect the ultimate 
quality of the concrete without relation to the water-cement ratio. 
The more a form is filled with the right combination of solids, and the 
less it is filled with water, the better will be the resulting concrete. 
Thus to this end, moderation in the use of water, cement, and fine aggre- 
gate, together with the use of aggregate graded to the largest practical 
maximum size, all in conformity with the elemental needs of the work, 
should be consistently practiced, Only as much cement should be used 
as is required to obtain adequate strength and other essential properties; 
and only sufficient water and fine aggregate should be used as is required 
to obtain concrete with no more than a degree of workability which may 
be properly worked in the forms by means of vibration or by more 


appropriate methods where vibration is not applicable 


2. Sufficient mixing and placing capacity (with judgment in planning 


the progress of the work) should be provided so that the work may be 
kept alive and free from ‘cold joints.”” In all formed structures, includ- 
ing tunnel linings, concrete should be placed in horizontal layers of 
not greater depth than 2 feet, particularly avoiding inclined layers 
and inclined construction joint It is very important that each layer 
he placed while the previous layer is still soft. Conerete should not be 
allowed or caused to flow horizontally or on slopes in the forms. Where 
concrete must be placed on a slight slope, placing should begin at the 
lower end of the slope and progress upward thereby increasing the com- 
paction of the conerete. Pneumatic means of placing conerete should, 
in general, be avoided wherever an alternative method may be used 


Construction joints 


3. For the sake of appearance, irregular construction joints should not 
he permitted Keach lift of concrete should be filled up to a temporary 
grade strip, or preferably a “V" or a slightly beveled rectangular strip 
hould be left on the forms at the line of the jot where such grooves 
can be located so as not to detract from the appearance of the work 
and so as to be less unsightly than the usual construction joint, Par- 
ticular precautions should be taken to secure the forme tightly against 


the concrete at the jyomnt, since, otherwise, an unsightly offset will oecur 
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and mortar from the subsequently placed concrete will disfigure the 
surface of the concrete in place. 


4. The surface of the construction joint should be prepared in a man- 
ner that will insure bonding with the concrete later placed on it, and 
if the joint must be watertight the preparation of the joint must be 
particularly thorough. It is not difficult to obtain a good joint where 
good quality low-slump concrete has been used at the top of the lift 
and has not been overworked. Where wet consistencies have been used, 
or where excessive vibrating or working has brought water or mortar 
to the surface, the concrete at the surface of the lift is usually so inferior 
that it is not easy to obtain a good joint. 


5. In the latter case the so-called initial jet cleanup is a good expedient 
for such an inferior joint condition, which on good work would not be 
encountered. The first step should be the removal of all laitance and 
inferior surface concrete and the washing of mortar from protruding 
aggregate by means of a strong jet of air and water, at approximately 
100 psi pressure, after the concrete has hardened sufficiently to prevent 
the jet from raveling the surface below the desired depth and from 
forming cloudy pools of water that will leave a film on the surface when 
they dry. The surface of joints so treated should be especially well 
moist-cured, preferably by a 1-inch layer of saturated sand, and, if pos- 
sible the surfaces should never be permitted to dry out during the interval 
before concrete is placed on it. Before placing the new concrete the 
surface should be restored to the bright clean condition existing imme- 
diately following the initial jetting by means of vigorous brushing with 
fine wire hand brushes or by sandblasting as necessary. If the surface 
has been properly wet sand cured, very little final scrubbing or sand- 
blasting will be necessary. 


6. Initial jetting, followed by a thorough final cleanup can also be 
used with good results where quality of concrete at the joint surface is 
good. It produces no better results, however, than can be readily 
obtained, on surfaces which have been properly placed at the right 
consistency, by omitting any initial treatment and removing the sur- 
face film and dirt to a bright new surface by sandblasting and washing 
immediately prior to placing the new concrete. The initial jetting 
method including a comparable final cleanup is usually found to be 
more expensive than the final sandblasting method and is not as fool- 
proof. Final sandblasting without initial cleanup has been found to 
produce excellent results economically on horizontal joint surfaces of 
mass concrete that has been placed at dry consistencies with the aid 
of vibrators, if the surface is protected from excess working due to 
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keyway construction, the endeavor to embed all coarse aggregate, and 
the general job traffic until the concrete has hardened. 


7. In all cases the new concrete should be preceded by about one-half 
inch of soft mortar of the same proportions as that in the concrete. 
When accessible, this should be scrubbed into the surface of the joint 
with wire brooms. In column forms and deep narrow forms where one- 
half inch of mortar may seem inadequate, it is preferable to follow the 
mortar with several inches of concrete containing mortar in excess of 
that in the usual mix and possibly containing coarse aggregate some- 
what reduced in maximum size rather than use large quantities of 
straight mortar. 


Finishing of unformed surfaces 


8. For the most durable results in any type of finished, unformed 
concrete surfaces, the following general requirements should be made. 
Concrete should be used of the stiffest consistency that can be properly 
placed and worked or vibrated in accordance with the finishing process 
adopted. In the initial operations of screeding, floating, and first trowel- 
ing, the surface of the concrete should be worked as little as possible in 
obtaining the desired result. Each step in the finishing operation from the 
secondary floating to the final operation should be delayed as long as 
possible and yet permit the desired result to be obtained. The use of 
any finishing tool in any area where water has accumulated should be 
prohibited. Dry topping and mortar topping should be avoided. The 
surface of the concrete should be directly finished to the texture desired. 


Cold weather concreting 


9. For concrete in sections thinner than would be called mass con- 
crete, when the weather is such that freezing of the concrete may occur, 
arrangements should be made to heat the mixing water and the aggre- 
gate so that the temperature of the fresh concrete in place is approxi- 
mately 70F. At this temperature setting commences at once and, due 
to the heat liberated by hydration, will progress at a normal rate, pro- 
vided the work is protected for several days from dissipation of heat 
more rapidly than additional heat is generated. This procedure is 
eminently preferable to that of placing the concrete cold at any tem- 
perature above freezing and then endeavoring to heat it in place by 
salamanders or other means; however, under severe conditions it may 
be necessary to surround the work with some form of heating protection 
in addition to protection by insulation. Steam released under a tar- 
paulin enclosure is an excellent protection since a moist atmosphere 
favorable to curing as well as protection from freezing is afforded. 
Corners, edges and surfaces of concrete are particularly vulnerable to 
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freezing and the need for their adequate protection cannot be too 
strongly emphasized. In fact they may be frosted when the dry bulb 
temperature is above 32 F. if the wet bulb temperature reaches 32 F. In 
connection with cold weather protection, such precautions should be 
taken that the curing of the concrete will not be impaired and that 
no portions of the work will become overheated. It is important that 
there should be a curing period of sufficient length at temperatures 
above freezing so that when it is exposed to temperatures below freez- 
ing at the end of the curing period the concrete will not be injured. 


10. With adequate protection of the surfaces from freezing, the mini- 
mum temperature of freshly mixed mass concrete may be permitted 
to be as low as 40F. when placed, because the heat of hydration is 
lost much more slowly from this type of concrete. 


Hot weather concreting 


11. For best ultimate quality, concrete should be placed at the lowest 
practicable temperature during hot weather. Effective results can 
usually be accomplished by concreting only at night, sprinkling or 
cooling the aggregate, avoiding hot cement, and using very cold mixing 
water. Any combination or degree of these practices that may be 
feasible for the particular work are important and should be required. 
Curing should preferably be obtained by sprinkling or covering with 
moist burlap for its additional cooling value. If curing must be done 
by means of black bituminous sealing compounds, they should be given 
a coat of whitewash promptly so as not to expose the heat absorbing 
black surface to the sun. 

Forms 

12. Provisions as to certain types of forms are necessary because, 
when they are not followed, concrete containing excessive amounts 
of sand, cement, or water is usually necessary in order to obtain accept- 
able workmanship. Horizontally moving slip forms should not be 
used on slab work on which standard types of paving and finishing 
machines can be used. Preferably such machines should be equipped 
with an effective form of vibration or mechanical device for working 
and compacting the concrete. A continually moving slip form, how- 
ever, should be used in preference to fixed forms whenever possible on 
slope paving slabs or steeply curved inverts. 


13. Workmanship in placing concrete is largely judged by the appear- 
ance of the work on removal of the forms, and appearance in itself 
is an important quality which must usually be obtained when the con- 
crete is placed. It is therefore necessary in these recommendations to 
mention other requirements for satisfactory results. 


ed 
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14. With the general adoption of vibration of concrete, forms must not 
only be built substantially, but they must be tight, since, otherwise, 
unsightly sand streaks and gravel pockets will be caused by loss of 
mortar made unusually liquid during vibration. Exceptional care 
should be exercised to insure that all form panel joints, corners, and 
connections and all seams between all types of sheathing are completely 
tight immediately prior to placing the concrete. Because of their 
superior tightness where they penetrate the forms, tie rods are recom- 
mended in preference to tie wires. Where wires must be used holes for 
them should be as small as possible to keep mortar leakage at a minimum. 


15. Forms should be protected from deterioration, weather and shrink- 
age prior to concreting by proper oiling or by effective wetting. Form 
surfaces should be clean and of uniform texture. Where they are per- 
missible, re-used forms should be carefully cleaned and oiled. Steel 
forms should be thoroughly cleaned but never sand blasted nor abraded 
to bright metal. Where “peeling” is encountered with steel forms, 
leaving the cleaned, oiled, forms in the sun for a day, or vigorously 
rubbing the affected areas with liquid paraffin will usually improve 
the condition, It is generally less expensive and more satisfactory to 
obtain the desired surface effect by proper treatment and preparation 
of the forms than it is to obtain it by working over the concrete after 
the forms are removed. 


Vi. CLOSURE 


1. In general, all of the foregoing features should be considered, 
insofar as applicable, in connection with each job classification, re- 
gardless of type or capacity of equipment. 


This report will be open for discussion at the 38th Annual Conven- 
tion on a proposed motion by the Committee for the adoption of 
the report as an ACI Standard. Should the motion prevail by a 
majority vote of members present the report will be submitted by 
reference to letter ballot of ACI membership. ‘An amendment 
to the proposed Standard presented on the floor of the convention 
shall be sustained only when approved by nine-tenths of members 
voting.’ All discussion intended to influence convention action 
should therefore be available to the ACI Secretary in triplicate by 
Feb. 1, 1942 unless it is to have convention presentation by its 
author. Discussion is scheduled for publication in the JOURNAL 
for June 1942. 
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Cin presenting report tor Convention ador tion 


To give you an idea of the consideration given to the preparation of 
the report of Committee 614, | will outline very briefly the steps in its 
development. 

Five years ago in March 1937, Committee members were requested 
to discuss a list of pertinent subjects and any others they considered 
appropriate. These discussions formed the basis of the first draft of 
the report which was distributed for comment. Repeating this process, 
a third draft was ready for discussion at a meeting held during the 
1938 convention, 

There was considerable interest in evidence at this meeting, which 
20 interested persons attended, including about half the committee 
members, and the meeting lasted about 8 hours. From the discussion 
a fourth draft was shortly prepared which was approved by a good 
majority of the Committee, the others being satisfied with the report 
except for certain implications which might be construed to the dis- 
advantage of truck mixing on engineering construction outside of metro- 
politan areas. The report was then submitted to the Standards Com- 
mittee, with a few further revisions suggested by members of Com- 
mittee 614. 

The Standards Committee did some very beneficial editing of the 
report and returned it to us in November 1939. After a few further 
revisions as a result of comment received in the meantime, the report 
was again referred to a vote of the Committee and approved by a satis- 

*ACI Jounnan, Nov. 1041; Proceedings V. 38, p. 93, 


(120 - 1) 








120-2 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE June 1942 


factory majority. Transit mixers were still causing lack of unanimity 
but it was agreed that the report might be published for the information 
of the Institute. This was done and the report appeared in the JouRNAL 
for February 1940. The September JourNaAL of that year carried sub- 
sequent written discussion together with Committee approved closure 
and amendments formulated from discussion and comment received 
following publication of the report. Amended in this form, the report 
was again submitted to the Standards Committee which suggested 
some further revisions and further effort toward unanimity. At a 
meeting in Washington at the 1941 convention common ground was 
found on all points of previous difference. During 1941, these and a 
later group of amendments were submitted to Committee 614 and all 
but unanimous approval was at last secured, one or two members not 
voting. The Standards Committee approved the report for presentation 
to this convention on a motion for adoption as an ACI Standard—as 
published in November 1941. 


The report is the result of the efforts and good advice of many men; 
as Chairman of Committee 614, I want to express my appreciation for 
this assistance and cooperation from members of Committee 614 and 
many others. 


The Committee is not coming before you with the idea that the report 
is the last word on the subject because every forward-looking individual 
realizes that each new standard is merely a point of departure for a 
better one. However, every effort has been made to give you a mature 
and carefully considered recommendation. The report is now before 
you and I move it be adopted as a Standard of the Institute. 


By C. H. FORESMAN* 
(read by title) 

I have never seen a more comprehensive exposition of the principles 
of the manufacture of good concrete and of proper concrete construc- 
tion than is contained in the report of Committee 614. Any legitimate 
criticism could be as it refers to minor detail only and I submit the 
following in this spirit. 


Part I, Paragraph 2. A specification should not deal in ‘‘Common 
Practice’ unless common practice is also ‘‘Best Practice’ or is abso- 
lutely demanded by practicability. The reference to specifications is not 
necessary and because of the implication that specified procedures 
should or could be less than the best, I suggest that the sentence con- 
taining this reference be made to read—‘‘It is believed, however, that 
the interests of progress . . . ete.” 


*Concrete Engineer, The Board of Public Education, Pittsburgh, Pa. 
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Part II, Paragraph 2. I believe the separation of coarse aggregates 
into sizes with more narrow limits should receive more emphasis. In 
concrete for general construction, uniformity of workability is extremely 
important. Much of the variation in workability comes from segrega- 
tion of coarse aggregates in transportation, storage and handling and 
the reduction of the range of sizes materially reduces such segregation. 
The Committee has covered the point here but it seems to me that a 
little more stress would be in order. 

Part II, Paragraph 4. It is stated here that sand passing a l¢-in. 
sieve should contain 20 per cent finer than 50-mesh. The subject of 
fine material cannot be discussed properly in one or two sentences and 
as this is stated it is apt to be misleading. The percentage of fines is a 
function of the combined aggregates and not of the sand alone. It 
depends, among other things, upon the maximum size of the combined 
aggregates and the conditions surrounding the placing of the concrete. 
It does not seem to be in order to state here a desirable percentage of 
fines for any particular sand. The paragraph is ample without that 
sentence. 

Fig. 3 shows diagramatically the effect of water gain in deep, narrow 
forms and gives one method for offsetting such effect. The control of 
water gain is not discussed. The method shown may work under some 
conditions but in many cases it does not work. In any case there is a 
distinct uncertainty involved and any uncertainty is a detriment. It is 
better to have a less high quality material of known characteristics than 
one that is uncertain, regardless of how high the average quality may 
be. I would suggest that the control of water gain be discussed in 
connection with any method of offsetting its bad effects. 

As I have said before, the points mentioned above are of minor im- 
portance and criticism of them does not imply criticism of the work of 
the committee. If the report is given the prominence and publicity it 
deserves, it should do much to improve the quality of concrete and 
concrete work. 


(Mr. Tuthill‘s motion seconded, the report was adopted by the Con- 
vention as an Institute Standard, without dissent and referred to letter 
ballot*) 


CLOSURE BY MR. TUTHILL 


Probably the phrase ‘‘and not a specification”? could well be omitted 
from Part 1, paragraph 2. It was included in an effort to satisfy critics 
who thought that some of the suggestions in the report were so advanced 


*Canvassed May 25, 1942, with ratification of the Convention adoption of the report as an ACI Stand- 
ard (ACI 614-42). 
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that difficulties would arise if they should be copied indiscriminately into 
specifications for some types of work. Paragraph 3 suggests that devia- 
tion from the recommendations may be necessary in some instances and 
the reader must make his own decision as to how far it is profitable 
for him to go. 

Separation of aggregates into sizes with more narrow limits is indeed 
important in securing uniformity of workability and of concrete quality 
generally. The committee went as far as it dared in promulgating the 
recommended limits for the ratio of maximum and minimum sized 
aggregate. On the other hand, it has been pointed out to the Committee 
already that such a common size as No. 4 to 34-in. aggregate is un- 
acceptable on the basis of the Committee’s recommendation that the 
ratio of maximum to minimum size of aggregates smaller than 1-in. 
not exceed 3. This ratio for No. 4 to 34-in. aggregate is 4. It 
would be better to divide this material at 3<-in. into two sizes each 
with a ratio of 2. At least the maximum size of No. 4 minimum material 
should not be greater than %-in. or at most %-in. Although No. 4 to 
34-in. material is a common size, it is also a size commonly causing 
trouble from lack of uniformity due to segregation within its wide range 
of sizes. The Committee does not disagree with Mr. Foresman on this 
point. 

Regarding the matter of fines in sand, it is realized that this as well 
as many other topics within the report could be considerably amplified 
but an effort was made to keep the text down to fairly concise state- 
ments of the most pertinent factors. It is believed the last sentence in 
Part II, paragraph 4, should prevent the statement on fines from being 
seriously misleading. 

Space limitations also apply in connection with discussion of the 
figures included in the report. It was believed that these four pages 
would add more to the value of the report than anything the Committee 
—eould write on four additional pages of text. It is true the figure 
mentioned does suggest discussion of the control of bleeding and water 
gain. Actually this subject has been ably and fully discussed in ACI 
literature and as far as job practice goes it boils down to more fines and 
less water. With the exception of adding cement for this purpose, 
these expedients have been discussed and optimum fines and minimum 
practicable slumps have been recommended. 

Mr. Foresman’s thoughtful and encouraging discussion is appreciated 
by the Committee. We hope, as he suggests, that the report will do 
much to improve the quality of concrete and concrete work. 
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A Vacuum Method of Measuring the Air Content of 
Fresh Concrete* 


By GEORGE L. PIGMAN# 


SYNOPSIS 


\ method of measuring the air content of freshly mixed concrete has 
been developed, in which the air is removed at the reduced absolute 
pressure of approximately 17 mm of mercury. 


The determination of the air content is made entirely by volume 


measurements and does not require any information on the specific 


gravity of the components of the concrete. 

The reproducibility of results was satisfactory and varied with the 
wetness of the mix, being better for the wetter concretes with a flow of 
85 to 110 than for concrete with a flow of 55. The air content was 


increased by use of a finer sand, but was reduced by increasing the 


cement content of the mix. 


It was found that concretes normally containing less than one per- 
cent of air had the air contents increased to values ranging from 1.5 to 


14 per cent by the addition of 0.05 per cent of various aerating agents 


Il. INTRODUCTION 


This paper describes a method of determining the air content of fresh 
concrete, the method consisting essentially of measuring the amount of 
water required to replace the air removed from a given volume of con- 
crete during agitation under reduced pressure. This method does not 
require. specifie-gravity determinations which are necessary in com- 
puting the air content from volume measurements, and by use of vacuum 
effects a more complete removal of the air, especially from concretes 
containing air-entraining agents, than has been accomplished by the 
previous method of Pearson.() 

Although the distribution of air is also of importance, the measure- 
ment of the total volume of air only is here considered. 


*Received by the Institute June 27, 1041 


‘Junior Materials Engineer, National Bureau of Standard 
Jo. Pearson and H. G. Collins, ACI Journnat, Jan.-Feb., 1036 Py ail \ 








122 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE November 1941 









































CAP oe anand ) 
Over - 
STOPCOCH VALVE 
ater! ~w i | 70 ATMOSPHERE 
x) 
r > \ 
SIECACUAY 
MANOMETER' 
Veveaen 
GASKET pi a 
WATER TRAP ——3 0 PP 
CYLINOAICAL 
CONTAINER 
4§42. 
CAST /AON SUAPACE GAGE 
CAVING ———————————————— 
TUBE aX 
“tt 
_———— 
Fig. 1—Schematic diagram of apparatus Y enmwon $ i053 | 
THAN O/APILTER 
OF BAASS IAD 
Fig. 2 (at right)—Surface gage and screed SUNPACE SChHED 
il. SCOPE 


The following tests were made: 


1. The air was extracted from a 1:2:4 mix at various pressures from 
atmospheric (750 mm) to 17 mm of mercury. For all other tests made, 
the air was extracted at a pressure of approximately 17 mm of mercury. 


2. Determinations were made of the amounts of air incorporated into 
two mixes, a 1:4.5 and a 1:6, respectively, parts of cement to parts of 
aggregate by weight, in which each of ten aerating agents had been 
introduced by grinding with the cements, 

3. A few determinations were made of air incorporated in mixes with 
sands of two finenesses; and of mixes containing various admixtures. 
The amount of air incorporated when the mixes were compacted into 
molds by standard rodding and by vibration was also determined. 


4. The air content was determined on cach of six mixes. One part of 
cement was used to 5.67 parts by weight of aggregate, the ratio of sand 
to coarse aggregate being varied, as well as the water content, to give 
several consistencies. Ten measurements were made on each mix to 
furnish information on the reproducibility of the test. 


il. APPARATUS 


A schematic diagram of the apparatus is shown in Fig. 1. The con- 
tainer in which the conerete is placed is a brass cylinder of 47% in. inside 
diameter, divided into two sections. The lower section is 8°, in. deep 
The upper section, or cover, is 4 in. high and is bolted to the lower section 


ae 





en 
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through flanges, with a l-in. rubber gasket in the joint. Protruding 
one inch from the top of the cover is a '-in. brass tube, providing a 
connection for a rubber suction tube. The cap is also provided for 
sealing this connection. The height to which the lower section is filled 


2) 


am}. 


is determined by a gage (Tig. The correct height is indicated when 
the gage point will just break the surface of a water layer on the con- 
crete as the gage is carefully lowered into position. 

The volume of the lower section, below the level of the gage point, 
was Obtained by measuring the volume of the water required to fill it 
to the gage-point level. The measurement was made by means of a 
l-liter volumetric flask and a 100-ml burette. The average 
minations gave a value of 2555 ml. The volume above the 


after the cover had been bolted in place, was determined by 


of 6 deter- 
‘gage point, 
the amount 
of water added to bring the level to the top of the ‘s-in. tube. The 
average of 6 determinations was 1042 + 0.5 ml. 

A glass separatory funnel (Tig. 1) is used as a water trap, and a drying 
tube, containing about 75 g of magnesium perchlorate trihydrate is 
placed in the suction line between the trap and the vacuum pump. A 
connection is also made to a mercury manometer, 


IV. TEST PROCEDURE 


The tests were made in a laboratory maintained at 70 #2 F., in which 
the dry materials and water were stored long enough, prior to the test, 
to reach laboratory temperature, 

A sample of approximately 8 kg is required. The concrete is mixed 
for 2 minutes, permitted to stand for 5 minutes and then rodded or 
vibrated into the lower section. The top surface of the concrete is then 
levelled and brought to a definite height (about '4 in. below the top 
edge of the lower section) by means of a special screeding or leveling tool 
(Fig. 2). The sereed is drawn over the surface to remove excess material, 
and then a small amount (about 2 ml) of water is added to form a level 
liquid surface which is brought to the height of the gage point 

The cover is next bolted to the lower section, a measured 100.0 ml of 
water added and the cap screwed on the opening. The contaner is then 
rolled vigorously on a table for 5 minutes to mix the water and conerete 
thoroughly and to allow the main portion of the entrapped air to be 
freed After the suction tube and trap have been wetted with water 
and allowed to drain, the suction line is attached to the container, the 
pressure lowered to a predetermined value, indicated on the manometer, 
and the rolling process continued for un additional 8 to LO minutes 

After release of the vacuum, the water carried into the trap during 


the suction period is drained back into the container The trap and 
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connecting tube are then cleaned by flushing with one or more measured 
portions of water, this water also being drained into the container. 


The container is finally filled to the top of the Yg-in. tube with water 
from the burette, and the total volume of added water (Vw) is recorded. 
During addition of this water the container is tilted and shaken to allow 
air bubbles to escape and from one to ten drops of amyl alcohol are 


added to the surface to disperse the foam. 


The drying tube is weighed before and after the test, and the gain in 
weight in grams (AW) is obtained. 


A simple auxiliary test was used in order to correct for the decrease 
in volume of the sample which occurs between the time the surface of 
the concrete is levelled to the gage point and the time of the final filling 
of the container with water. In this auxiliary test a weighed one-quart 
glass jar (big. 3) is almost completely filled with concrete immediately 
after the mixing period. The weight of the filled jar is obtained, and the 
glass cover with open graduated tube is attached. The jar and a portion 
of the graduated tube are then filled with water and shaken to separate 
the major portion of the entrapped air and foam. Readings are then made 
of the water level at the time the concrete in the lower section is leveled 
to the gage point, and again as the lower section is filled with water in 
the final volume determination. 


The change in volume, AV,, of the concrete in the test eyvlinder which 
occurs in normal setting is calculated as the decrease in volume of the 
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concrete in the auxiliary jar, multiplied by the ratio of the weight of 
the test sample to the weight of the auxiliary sample. 

The volume of air, V, released from the concrete is calculated by the 
equation 

V V. 1042 — AW AV 
in which V,, is the sum of the various portions of water added as diluent, 
flushing agent, and filling agent, AW is the volume of water absorbed in 
the drying tube (determined from the change in weight). The corres- 
ponding percentage value of the air released is 100 Vo / 2555. 
V. TEST DATA 

1. Results obtained at various reduced pressures 

A series of tests was made to determine the effect. of differences in 


the suction used in the procedure upon the measured air content of a 


fairly wet (1:2:4) conerete (flow 80). The results are shown in Table 
l. 
TABLE 1—THE AMOUNT OF AIR EXTRACTED AT DIFFERENT REDUCED 
PRESSURES 
Absolute Pressure Percent Air 
mm, of Mereury Iextracted 
750* 0.91 
105 113 
33 1.20 
30 1.16 
19 1.32 
17 1.27 


*Atmor phere pressure 


The table shows that the air removed from the mix by making the 
test at atmospheric pressure was O.9L percent of the original volume of 
concrete, The tests made at various reduced pressures which ranged 
from 17 to 105 mm of mereury, showed that 1.18 to 1.32 per cent of air 
was removed, all substantial increases over the amount removed at 
atmospheric pressure, There was no appreciable difference in the amount 
removed at 30 to 105 mm absolute pressure, but at a pressure of 17 to 
19 mm a slightly greater amount was removed As the vapor pressure 
of water at 70F is 18.6 mm, which vapor pressure is slightly lowered by 
dissolved salts and alkalies from the concrete, the highest vacuum shown 
in the table is the limit for the test, Inasmuch as a greater vacuum would 
boil off the water from the concrete to such an extent as to exceed the 
absorption capacity of the drying tube 

It is apparent from these data that the process of rolling concrete in 
a closed container at atmospheric pressure with an excess of water does 
not free all the air from the conerete, All further tests therefore were 


made under a pressure of approximately 17 mm of mercury 
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2. Aijir content of various mixes 

The test procedure was applied to concretes with cements which 
contained aerating agents added as grinding aids. Table 2 gives the 
results obtained in these tests. 


TABLE 2—EFFECT OF VARIOUS ADDITIONS ON THE AIR CONTENT OF 


CONCRETES 
1:2.4:3.6 mix 1:1.8:2.7 mix 
Air Content Air Content 
Additions* Measured | Computed | Measured | Computed 
Percent Percent Percent Percent 
Ammonium stearate... 2.17 2.38 1.64 1.48 
Sulfonated petroleum. 2.48 2.50 2.57 2.38 
Sulfonated tallow. ... 5.77 5.55 5.43 5.51 
Fish oil stearate... . 7.23 8.77 7.50 1.32 
ae 9.24 9.08 8.57 8.70 
Vinsol resin...... ; tide ei 11.2 12.7 
Wetting agent........ 13.2 10.8 
Waste sulfite liquor. . 14.: 14.3 13.1 12.9 


*0.05% (by weight of the cement) of each addition was added to the clinker before grinding. 


Two concrete mixes were used in this series, namely, 1:2.4:3.6 and 
1:1.8:2.7 by weight and with water contents adjusted to give flows* of 
50 to 55. 0.05 per cent of each aerating agent had been added to re- 
spective portions of the same clinker before grinding. 

As shown in Table 2, the air content varied widely with the aerating 
agent, but was not greatly affected by the change in mix. 

This particular series of experiments was a severe test of the method 
of procedure adopted, since an increase in the measured air content was 
accompanied by an increase in the amount of foam appearing on the 
concrete as a result of agitation during rolling. In most cases the free 
space in the metal container was entirely filled with foam at the end of 
the initial rolling period at atmospheric pressure. This foam was parti- 
cularly stable and difficult to disperse, vet contained sufficient volume 
of water so that it could not be discarded. 

It was found that the foam could be broken up by drawing off a suffi- 
cient quantity of it to fill about $ of the trap. After the connection 
from the metal container was closed, further suction caused the foam 
bubbles in the trap to expand and break. By a continued repetition of 
this process practically all of the foam produced could eventually be 
broken up. The slight amount of scum and foam remaining after this 
process could usually be dispersed by the addition of a drop of amy! 
alcohol. 


*The flow was determined on concrete stirred into the mold, and recorded as the increase in diameter 
after fifteen -in. drops in 10 seconds on the 30-in. flow table. This method is not quite the same as the 
A.S.T.M. procedure (Proc. A.S.T.M. Flow Table Test for Portland-Cement Concrete, C-124-39). 
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Another group of tests was made, using a 1:2.67:3.00 mix, data on which 
are not presented in the tables but which can be summarized as follows: 
(1) Compaction of the concrete by vibration resulted in a slight decrease 
of the air content. Typical example: A concrete with a flow of 60 had 
by normal rodding procedure 1.11 per cent air. Upon vibration of a 
similar concrete the air content of 0.82 per cent was obtained. (2) The 
addition of fly ash in amounts up to 15 per cent did not appreciably 
affect the air content, but the addition of 2.0 per cent CaCl. increased the 
air content from 0.77 per cent up to 1.48 per cent. The concretes con- 
taining these admixtures had a flow of 110. (3) The use of a coarser 
sand decreased the air content of the concrete, especially in the drier 
concretes. Thus changing the fineness modulus of the sand from 2.35 
to 3.10 decreased the air content as follows: At a flow of 110, 1.43 to 
.77 per cent air; at a flow of 60, 1.76 to 1.11 per cent air; at a flow of 15, 
4.12 to 1.78 per cent air. 

3. Tests of mixes of several gradings and of several consistencies: reproducibility of 
results 

In another series, concrete mixes representing three sand-gravel ratios 
and three cement-water ratios were used. The mixes were all 1:5.67 
by weight. Ten tests were made in each group, in order to furnish 
information on the reproducibility of the test. The results are given in 
Table 3. 


TABLE 3—REPRODUCIBILITY OF AIR-CONTENT DETERMINATIONS ON TYPICAL 
CONCRETE MIXES 


Air Content 


Propé tions 


of Mix Flow Average of Ten Standard Coefficient of 
by Weight Determinations Deviation Variation 
Percent Percent 
1:1.53:4.14 5 0.99 0.06 6.5 
1 :2.20:3.47 5 1.57 0.10 6.2 
1 :2.80:2.87 55 py ys 0.22 8.1 
1 :2.20:3.47 85 89 0.04 4.5 
1 :2.80:2.87 85 1.31 0.06 4.7 
1 :2.80:2.87 110 1.15 0.06 4.9 


The reproducibility was better for the wetter mixes. This is to be 
expected since these mixes are more ‘‘placeable’’ and hence specimens 
of concrete can be rodded into the container more consistently from 
time to time than can the drier, harsher mixes. 


It is evident that increase in the sand-gravel ratio inereases the air 
content of the mix; increase in water content decreases the air content. 
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4. Comparison of measured with computed values 

A comparison was made, in a number of the tests reported in Table 2, 
between the test results and the corresponding values computed from 
the weight and apparent specific gravity of the concrete and its con- 
stituents. In general, as shown in this table, an agreement exists between 
the values of air content determined by these two methods. 


The relation used in the computation of the air contents given in 
Table 2 is as follows: 


; Ww We we eee 
rs = ( +2 +4 + ) 


(1+P, +P, + P.) S- 5. P S» 
where 
V,. = volume of air in sample in milliliters 
V = total bulk volume of sample in milliliters 
W = weight of sample in grams 
P, = ratio of sand to cement by weight 
P, = ratio of gravel to cement by weight 
P.. = ratio of water to cement by weight 
S. = apparent density of cement, grams /ml 
S, = apparent density of sand, grams /ml 
S, = apparent density of gravel, grams /ml 
S, = density of water, grams/ml 


It was found that in the method of computation several steps may be 
taken to increase the accuracy of the result. The specific gravity of the 
cement was determined by immersion in water rather than in kerosene, 
and a value slightly higher than the value obtained with kerosene was 
thus obtained. In the computation it is also necessary to use the actual 
proportions of material existing in the sample of concrete rather than the 
nominal proportions originally weighed for the batch. The difference 
between the actual and nominal proportions is particularly great when 
small mixing batches are used, with a resultant relatively large loss of 
sand and particularly of cement, and water. Where the actual mix present 
is in doubt an analysis of the concrete, as by the Dunagan method* may 
be made. 

It is seen from the results given in Table 2 that even with these cor- 
rections the agreement between the two methods is still not exact, but is 
reasonably close. The average discrepancy in the two sets of values 
shown is 5.1 per cent, with a maximum discrepancy of 21 per cent. 


SUMMARY 


It has been shown that the test method described gives values for air 


content that agree well with values computed from the carefully measured 


*W. M. Dunagan, Proc. Am. Soc. Testing Materials, 31, pt. 1, 383 (1931) 
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apparent specific gravities of the constituents and the proportions as 
measured by the Dunagan method. 

The method, by reason of the utilization of vacuum, is found parti- 
cularly suitable for measuring the air contents of aerated concretes 
where special means must be used to break down the foam developed 
by the aerating agents. 

The grading of the dry materials influences the air content which is 
evidently influenced more by the relatively large particles in the gravel 
and sand than by the relatively small particles in the sand and cement. 
Other factors which may affect the air content, such as the type of mixer 
and time of mixing, were not considered. 

In the limited number of tests made, the air content of concrete with- 
out admixtures or additions varied from 0.8 to 2.7 per cent over a fairly 
wide range in water content and mix proportions. It was found that the 
intergrinding of the cement and 0.05 per cent of various aerating agents 
increased the air content of concrete from a value of one per cent to 
values ranging from 1.5 to 14.0 per cent. 


Discussion of this paper should reach the ACI Secretary in triplicate 
by Mar. 1, 1942, for publication in the JOURNAL for June, 1942 
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A Study of the Cause of 
Nonuniformity in the Compressive Strength of 
Concrete Pavement Cores* 


By V. L. GLOVER? 


Member American Concrete Institute 


SYNOPSIS 


It is common knowledge that the individual compressive strengths of 
cores from concrete pavements are less uniform than those of cylindrical 
test specimens made in the laboratory. This more pronounced nonuni- 
formity is believed to be due to variables encountered in field practices 
which are not present in the laboratory The Illinois Division of High- 
ways recently had occasion to test a large number of pavement cores and 
the nonuniformity found in the test results was such as to make these 
results wholly unsatisfactory for the desired comparisons. A study was 


made to determine the causes. 


An attempt was made to duplicate the nonuniformity known to exist 
in field concrete, proceeding on the theory that segregation might 
influence nonuniformity. Results indicate that the position of the 
coarse aggregate particles in the specimen does not affect greatly the 
uniformity of the compressive strength; that the amount of coarse aggre- 
gate particles in the specimen, that is, the degree to which separation of 
the aggregate particles and the mortar has taken place, does have an 
effect; that segregation of the coarser particles of aggregate from the 
finer ones also has an effect; and that part of the nonuniformity of com- 
pressive strength is due to the difference in age of the specimens at the 
time of test, pavement cores usually being tested at ages considerably 


greater than the usual standardized age of laboratory specimens. 


INTRODUCTION 


a long period of years it has been the practice of the Illinois Division 


of Highways to take cores from newly constructed concrete pavements 


to check the depth of the slab. This is in conformity with a specification 


*Received by the Institute Oct, 25, 1940 
tiengineer of M iterials, Hlinois Division of Highway 
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provision that the contractor shall be penalized if the deptn of the slab 
is less than a specified minimum. For many years these cores were tested 
for compressive strength which has afforded the opportunity of studying 
many thousands of these tests. It has been observed that the com- 
pressive strength test on cores gives much less uniform data than any 
other compressive strength test of concrete made. It is not uncommon 
to find as much as one hundred per cent difference in the strength of 
two cores taken from the same pavement, although no visual difference 
between the two is apparent before testing. 

Recently a thorough mathematical analysis was made of the strength 
tests on approximately 1200 cores taken for a special purpose, and the 
nonuniformity that exists is amply illustrated by the results obtained. 
These cores were divided into 81 samples, each containing about 15 
specimens. The average range in strength from low to high between 
specimens in these samples was 3449 psi. Five samples showed ranges 
from low to high greater than 5000 psi. and only one sample showed a 
range from low to high less than 2000 psi. Considering collectively the 
1186 individual cores represented by the 81 samples, 4 cores showed 
strengths of less than 3000 psi. even when honeycombed cores were 
disregarded, and 9 showed strengths greater than 9000 psi. The average 
strength was 5884 psi. The age of the cores ranged roughly from one to 
seven years. 

There is considerable foundation for the belief that lack of uniformity 
in core strengths is in some manner connected with the coarse aggregate. 
It is known from laboratory investigations that failure to control the gra- 
dation of the coarse aggregate in individual batches of concrete introduces 
an element of nonuniformity in the strength results, sometimes sufficient 
to obscure the particular properties under investigation. It may be 
significant also that the most uniform strengths in the 81 group samples 
mentioned above were obtained on cores from an experimental section 
on which the coarse aggregate was furnished in two sizes. 

It was thought that the compressive strength of cores might be in- 
fluenced by segregation of the coarse aggregate in one or more of the 
following ways: (1) The coarse aggregate particles might occupy different 
positions in the cores, causing these cores to react differently in the com- 
pressive test. (2) The coarse aggregate particles might be segregated 
from the mortar, causing some of the cores to be predominantly mortar 
and others to contain more than the normal amount of coarse aggregate. 
(3) The larger sizes of coarse aggregate might become separated from the 
smaller sizes, causing nonuniform gradation. 

The condition described under (1) was investigated first. The data 
obtained, however, did not explain the problem; they did, however, indi- 
cate the desirability of investigating the conditions described under (2) 
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Fig. 1—Specimen type numbers and amount and distribution of coarse aggregate in each. 


and (3). Due to the fact that the two parts of the investigation were 
conducted separately, it was not possible to use materials from the same 
sources in all of the tests or to use the same test ages. For this reason, 
the two parts will be discussed separately. 


EFFECT OF POSITION OF COARSE AGGREGATE 
PARTICLES ON COMPRESSIVE STRENGTH 


Test specimens, materials, and mixtures 

In order that the laboratory tests might be as nearly comparable as 
possible with tests of pavement cores, 5 x 8 in. cylindrical specimens were 
used. The various positions of the coarse aggregate particles in the speci- 
mens were obtained by using a mortar mixture and placing the coarse 
aggregate particles by hand at the desired locations while the molds were 
being filled, making certain that at all times each coarse aggregate particle 
was surrounded with mortar. 


To facilitate the placing of the coarse aggregate particles by hand and 
to make it possible to duplicate the various specimens, it was found 
desirable to use particles ranging from 1 to 34 in. In this way specimens 
were provided which not only represented extreme conditions of segre- 
gation of coarse aggregate from the mortar, but also the extreme condition 
of segregation of a single size of particle from the remaining sizes. 


Fig. 1 shows cross sections of the various types of specimens used, 
one specimen of each being made at the same time and termed a set. 
One specimen with the coarse aggregate distributed uniformly in the 
mortar (Type 1) and one specimen consisting entirely of mortar (Type 
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11) were included in each set. The amounts of coarse aggregate used in 
the specimens are shown in the sketches; these were the maximum 
amounts which could be placed conveniently at the desired locations 
(Types 2 to 10, inclusive). Twelve complete sets of the specimens shown 
in Fig. 1 were made. Gravel was used as the coarse aggregate in six sets 
and crushed stone in the other six. 


The aggregates used in the specimens were all taken from the labora- 
tory stock kept on hand for investigational work. The cement was a 
brand of standard portland cement. The mortar in the specimens was 
essentially the same as that used in pavement concrete, the proportions 


being 94 Ib. of cement, 220 lb. of sand, and 5.4 gal. of water, yielding 2.595 


cu. ft. of mortar. 

The specimens were cured for 63 days at a temperature of 70 F. and 
a relative humidity of from 95 to 100 per cent, after which they were 
capped and tested for compressive strength. They were tested at an 
age of approximately two months rather than at an earlier age because 
cores received from the field are seldom less than two months old when 
tested. 

Results of the tests 

The compressive strengths of the individual specimens and the average 
strengths by types and sets of specimens are shown in Table 1. Dis 
regarding the strength of the mortar specimens, it is seen that the indi- 
vidual strengths were very uniform. If the average mortar strengths 
are disregarded, the average strengths by types are about as uniform as 
the average strengths by sets. Nothing unusual was found in the manner 
of failure of the specimens, 110 of them showing normal conical breaks 
and 22 showing diagonal breaks. Therefore, it appears that nonuni 
formity of compressive strength, such as usually found in the testing of 
pavement cores, is not caused by variation in the position of the coarse 
aggregate particles. 

The mortar strengths are considerably greater than the concrete 
strengths, and the strengths of the concrete are lower than are usually 
obtained from concrete made with a mortar of standard proportion 
(Table 1). It was fully expected that the mortar specimens would exceed 
the concrete specimens in strength. It has long been known that the more 
or less accepted principle that “concrete is of essentially the same strength 
as its mortar’ is true only when the concrete eylinders are tested in 
comparison with 2 x 4-in. mortar cylinders. However, the fact that 
mortar shows a higher strength than concrete when equal size specimen 
are used indicates that the amount of coarse aggregate rather than its 
position in the specimens might be one of the causes of nonuniformity 


Also, the fact that the concrete specimens did not develop the strength 
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TABLE 1.—COMPRESSIVE STRENGTHS IN POUNDS PER SQUARE INCH OF 
INDIVIDUAL SPECIMENS AND AVERAGES BY SETS AND BY TYPES OF 
SPECIMENS. AGE OF SPECIMENS—63 DAYS 


Specimen Set Number 
Type 
Number l 2 3 i 5 6 Av. 


GRAVEL COARSE AGGREGATE 


l 1269 1004 3984 3884 4183 5079 4234 
2 2937 1263 $248 3897 1487 1619 4075 
3 $247 1786 5030 722 1379 1188 4559 
j $254 $429 3832 12902 4443 222 4245 
5 1467 1360 1584 3852 $250 §221 1456 
6 1639 1047 4357 1253 3924 1734 1326 
7 1340 3769 4283 3932 3683 1621 1105 
S 1612 1547 1199 1105 1578 1863 1484 
f) 1183 1357 1005 100] 1043 1787 4244 
10 3587 1523 3699 3300 5309 5207 4271 
11 5S24 5O69 5446 4483 5128 6174 5354 
\verage 1305 1378 1333 1074 1401 1883 1396 
CRUSHED STONE COARSE AGGREGATE 

| 3807 3708 3448 3810 3887 217 3813 
2 1570 3135 1080 3421 1569 3350 3854 
3 3808 1234 3797 3930 1116 3523 3901 
1 3449 1244 3389 3280 1381 1057 3800 
5 3678 $284 1531 3707 3495 3810 3918 
6 S699 3753 3740 3439 3571 3615 3636 
7 1058 114 1002 3607 3069 3225 3861 
S 1072 1248 $223 1067 3781 3S8S4 3879 
a) 3798 3524 3718 3955 3538 3489 3670 
10 3749 3002 BS15 3223 3777 3617 3680 
11 5452 HAGA 5197 1709 5112 1780 5134 
Average 1O13 1065 3912 3749 1018 3778 3922 


anticipated might have been caused by the use of only one size of aggre- 
gate in the specimens, indicating that variations in gradation also might 
be a cause of nonuniformity 


In view of the results obtained, it was decided to eliminate from further 
consideration the position of the coarse aggregate particles in the speci- 
mens and to make additional tests to study the effect of variable amounts 


and gradations of coarse nggregate 
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TABLE 2.—MATERIALS AND MIXTURES 
GRADATION OF COARSE AGGREGATE 


Item Standard Gap 
Passing Sieve 114” " 14" No. 4 14” 1” 4," No. 4 
Percent... .. 100 75 20 0 100 44.4 44.4 0 


Nore.— Variation from standard gradation shown below. 


STANDARD QUANTITIES PER BAG OF CEMENT 
Sand—220 Ib. (Specific Gravity, 2.65) 
Water—5.4 gal. 
Yield—2.595 cu. ft. of mortar 
STANDARD AMOUNT OF COARSE AGGREGATE PER BAG OF CEMEN' 
ADDED TO THE MORTAR 
Gravel— 368.6 lb. (Specific Gravity, 2.70) 
Yield—4.78 cu. ft. of concrete 
Stone—335.5 lb. (Specific Gravity, 2.67) 
Yield—4.61 cu. ft. of concrete 
Nore.— Variation from standard amount shown below. 


AMOUNT AND GRADATION OF COARSE AGGREGATE 
IN THE SPECIMENS 


Type Gradation of Amount of 

Number Coarse Aggregate Coarse Aggregate 
1] Mortar None 
12 Standard Standard 
13 Standard 14 of Standard 
14 Standard Ly of Standard 
15 Standard 144 of Standard 
16 Standard 114 of Standard 
17 No. 4 to 14” Standard 
18 No. 4 to 1” Standard 
19 14” to 1%” Standard 
20 I” to 14,” Standard 
21 Gap Standard 


EFFECT OF AMOUNT AND GRADATION OF COARSE 
AGGREGATE ON COMPRESSIVE STRENGTH 

Specimens, materials, and mixtures 

Cylindrical specimens 5 x & in. were used. The cement, sand, and 
gravel were from the same laboratory stock as in the previous tests; 
the crushed stone was from another source. The proportions of the 
mortar were the same as in the previous tests, but the coarse aggregate 
was varied both as to amount and gradation (Table 2.). 

The concrete was mixed by hand, the size of the batch being sufficient 
to make two cylinders. Two cylinders of each type were made each day 


specimens were prepared. To make possible exact duplications of the 
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gradations used, the coarse aggregate was separated into various sizes 
and before adding it to the mortar the correct amount of each size was 
weighed out separately and the several sizes recombined before mixing. 

Kight specimens of each type of mixture were made. They were 
cured in the moist room at 70 F. and a relative humidity of from 95 to 
100 per cent until removed and capped for testing. Two specimens 
of each type were tested at the age of 14 days to provide an early com- 
parison of the mixtures and it was intended to test the remaining six 
specimens of each type at the age of 63 days as in the previous tests. 
It was impossible, however, to follow this program due to the installation 
of a new 400,000-pound hydraulic testing machine underway at this 
time, and the specimens were therefore tested at the age of about 120 
days. 


Results of tests 

The results of the 14-day and 120-day tests are shown in Tables 3 and 
4, respectively. It is noted even from a superficial examination that 
considerable nonuniformity of compressive strength existed between the 
different types of mixtures, even though there was in general good uni- 
formity in strength between specimens of the same type in the various 
sets. It is also seen that there is good agreement between the 14-day 
and 120-day strengths, although the latter, as far as the average strengths 
are concerned, would be expected to show most nearly the true relation 
between the various mixtures because of the greater number of speci- 
mens tested. 

Referring to the data in Table 2, it is seen that Types 11, 13, 14, 12, 
15, and 16 mixtures, in the order named, represent a series in which the 
amount of coarse aggregate was gradually increased from zero to one and 
one-half times the standard amount. Likewise, Types 17, 18, and 12 
mixtures represent a series in which the maximum size of the particles 
of coarse aggregate was gradually increased. In both series, the coarse 
aggregate was well graded between the minimum and maximum sizes. 
Finally, the Types 19, 20, and 21 mixtures represent a series in which 
the coarse aggregate was of irregular gradation. In the last two series 
mentioned the standard amount of coarse aggregate was used. The 
average compressive strengths from Tables 3 and 4 are shown in Table 5 
in accordance with this grouping 

In the first series of mixtures (Types 11, 12, 18, 14, 15, and 16) Type 
11, the mortar mixture, produced the highest strength and the addition 
of coarse aggregate caused a reduction in strength roughly proportional 
to the amount added, up to the point where the mixture contained the 
standard amount. The addition of coarse aggregate beyond this resulted 


in a very sharp decline in strength, no longer proportional to the amount 
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TABLE 3.—COMPRESSIVE STRENGTH IN POUNDS PER SQUARE INCH AT THE 
AGE OF 14 DAYS 


Gravel Concrete Crushed Stone Concrete 
Type 

Number A B Av. \ iB} Av. 
11 4450 1308 4424 O47 5183 5116 
12 3385 3416 3401 4508 4709 1609 
13 4243 3467 3855 1636 4220) 1428 
14 3522 3489 3506 4655 4287 1471 
15 3070 3079 3075 2823 3755 3280 
16 3002 2676 2830 3072 3230 $151 
17 3116 3736 3426 3900 3748 3824 
18 2476 2664 2570 3577 3515 3546 
19 1904 2604 2254 3534 2686 3110 
20 2321 2537 2429 3130 2771 2051 
21 2077 2820 2800 3857 3201 357 


TABLE 4.—COMPRESSIVE STRENGTH IN POUNDS PER SQUARE INCH AT THE 
AGE OF 120 DAYS 


Type | 
Number C I) Ie I (ij iH Av. 


GRAVEL CONCRETE 


1] 6470 6585 6770 HO65 HORS 7500 6820 
12 1050 1065 HASO 1075 7O85 1525 f291 
13 HOS 6205 6150 6320 6430 OS60 6312 
14 S760 5300 HAVO 6120 6280 O38S8 5800 
1h 510 5020 3745 SOLS 3320 3040 WAL 
16 3650 4030 WhO 1055 4460 1125 3878 
17 f'22h 5H 1600 HASS h248 5313 §234 
18 HAS 1085 HISS S905 HAH H240 SOO 
1” 5100 HOS BS60 1425 1330 1700 10! 
A 3820 1205 SS15 WHO 1058 1405 1107 
21 HOO0 HHO 1% W785 O70 105 5163 
CRUSHED STONE CONCRETE 
1] 6070 6505 7360 6825 7615 7600 6077 
12 HAO 6620 5570 HSOO 5300 6755 (087 
14 6470 6100 OOHS OSLS 6A70 THR 747 
14 5770 HOS 7200 6480 6170 780 O369 
1h AAKS WIS 1557 170 3870 10S 402 
16 1th A815 WO5 SOLO 1155 OS 1107 
17 Thh Siso HO55 OSO0 HRAH 7276 h7s 
1s HOU S780 6400 Hush 7405 (H4A70 6200 
1v hash ANOS 105 Who 1045 HOS Oho 
ww Hhi7h Hono Whoo 84h hi57 1477 itn) 


21 H585 O48h HAW 5840 OSD OllS O172 
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TABLE 5.—RELATION OF AMOUNT AND GRADATION OF THE COARSE 
AGGREGATE TO COMPRESSIVE STRENGTH OF THE CONCRETE 


| 
Average Compressive Strength psi. 


Explanatory Notes | Type 
and | No 14-Day Age 120-Day Age 
Numerical Quantities 


CGrvl. Stone; Av.  Grvl, Stone) Av, 
Variable Amount of Coarse Aggregate— Standard Gradation 


11 | 4424 | 5116 | 4770 | 6829 | 6977 | 6903 
13 3855 | 4428 | 4142 | 6312 +6747 | 6530 
Relative Amounts of ly 14 3506 14471 3989) S5SOO) 6369 6130 
Coarse Aggregate "3 | 12 3401 | 4609 | 4005 , 5291 | GOS7 | 5689 
1h 3075 | 3289 | 3182 | 4042 | 4492 | 4267 
Il, | 16 2830 3151 2095 | 3878 | 4197 | 4038 

| 


Standard Amount of Coarse Aggregate Uniform Cradation 


Maximum Size L,” | FF 3426 | 3824 | 3625 | 5234.) 5978 | 5606 
Course Aggregate Ts 18 2570 3546 3058) 5066) 6260 | 5663 
1," 12 | 3401) 4609 4005) 5291 GOS7 | 5689 


Standard Amount of Coarse Aggregate Irregular Gradation 


Sizes of Coarse 46" to 14%") 19 2254 3110 2682 4601 4959 | 4780 
\guregate I’ toll” | 20 2420 2951 2690) 4107) 4690 | 4399 


See Table 2 Ciap 21 2800 3574 3237 5163 6172 | 5668 
| 


“The numeral “1” signifies the standard amount of aggregate, 


added. While some of the 14-day strengths are slightly inconsistent, there 
is no doubt that variable amounts of coarse aggregate produce variable 
compressive strengths in concrete, even though the mortar remains 
constant in quality 

In the second series of mixtures (Types 12, 17, and 1S), the size of the 
largest particles did not matter greatly as long as the amount of the 
course aggregate remained the same and graded coarse aggregate was 
used, although again the I4-day strengths are slightly inconsistent 

In the third series (Types 19, 20, and 21) only Type 21, the gap grada- 
tion, produced results in reasonable conformity with those obtained with 
the standard amount and gradation of coarse aggregate, showing that 
the smaller sizes of coarse aggregate are of great importance 

Considering the three series collectively, only the Types 12, 17, 18, 
and 21 mixtures may be said to have produced standard strength, The 


standard amount of coarse aggregate was used in all of these, reasonably 
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graded to the maximum size except for the gap gradation used in the 
Type 21 mixture. The Types 11, 13, and 14 mixtures produced strengths 
higher than the standard, but these are uneconomical because of their 
low coarse aggregate content. Types 15, 16, 19, and 20 mixtures produced 
inferior strengths, either because of too much coarse aggregate or a lack 
of the smaller sizes. 

It appears therefore that any segregation of coarse aggregate from the 
mortar and any segregation of the larger coarse aggregate particles from 
the smaller ones during the process of constructing a pavement might 
be responsible for some of the nonuniformity found in pavement cores. 
Cores, being very small samples from a pavement, would undoubtedly 
be, at times, predominantly mortar, in which case high strengths would 
be obtained; or they might contain too much coarse aggregate or be 
deficient in the smaller sizes, causing low strengths. In fact, a core 
might contain any combination of coarse aggregate and mortar, especially 
in the older pavements in which the concrete mixtures were given less 
attention than they are now. 

Considering the individual strengths in Table 4, some of them are 
nearly twice as high as others, even disregarding the mortar specimens 
(compare for example Types 12 and 16). In fact the data in this table 
have very much the characteristics of core test data and it is believed 
that they go a long way toward explaining the nonuniformity usually 
found in such data, However, the same could scarcely be said of the 14 
day strengths shown in Table 3 and the conclusions drawn above prob 
ably could not have been arrived at on the basis of tests at early ages 
As a matter of fact core tests in one instance at least were made at the 
age of 14 days and the uniformity of strength was almost comparable 
with that of controlled laboratory specimens, It appears, therefore, 
that age is a factor in causing nonuniformity, 


EFFECT OF AGE ON UNIFORMITY OF COMPRESSIVE STRENGTH 
Numerical measure of uniformity of strength results 

In much of the investigational work performed in the past, secant 
consideration has been given to any other function of a group of test 
results than the mean or average value, The significance of the average 
value needs no explanation, It is the best known value of the particular 
property measured through the tests, 

It is readily seen, however, that in eases where the individual test 
results show considerable dispersion, the average value may fall short 
of furnishing the desired information, In such cases, the range from the 
highest to the lowest of the individual test results has sometimes been 
used as an indication of the uncertainty which exists if the average value 
in considered applicable to all individuals represented by the specimens 
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tested. Sometimes, in an effort to obtain what is considered as the 
best average value from a group of test data, the most extreme values 
of individual test results have been arbitrarily discarded, which practice 
cannot be justified unless it is known in the first place that the specimens 
giving the extreme results were not representative samples. Reasonably 
definite information as to how much lower or higher than the average 
the test results for any individual specimen might be, if it were possible 
to make a very large number of tests, would be valuable additional 
information in all cases and almost indispensable in some, Such informa- 


tion is supplied by the standard deviation of test results 


Standard deviation of compressive strength results at various ages 

It is not within the scope of this report to give a complete discussion 
of the standard deviation or to explain the methods whereby the standard 
deviation may be estimated, Reference may be made to any good book 


on the subject.(* 


Kor the purpose of this discussion it is sufficient to 
know that the standard deviation is the root-mean-square deviation of 
the test results from the average value; that in normally distributed 
statistical data of any kind, practically none of the individual values 
will deviate from the average by more than three times the standard 
deviation; and that from past experience in testing, normal distribution 
of test results is known to exist in the compressive test data for concrete 
The following example will illustrate the use of the standard deviation 


as a numerical measure of uniformity of test results: 


Suppose two groups of test results representing similar products, 
give the same average value such as, for example, 5000 psi, If nothing 
else is known, it would be natural to conclude that the two products 
represented by the test data were of equal quality If, however, it ts 
also Known that the two products have standard deviations of 300 and 
SOO psi., respectively, it is immediately known that practically all 
individuals in one product would show strengths falling between 5000 = 
$x $00, or between 4100 and 5900 psi; and that practically all the indi 
viduals in the other product would show strengths falling between 5000 « 
4x SOO, or between 2600 and 7400 pst It is obvious that the two stand 
ard deviations measure the uniformity of the respeetive products and 


are Valuable information in addition to the average 


Severnl available groups of compressive strength data were examined 
to obtain estimates of the standard deviation at various test age Che 
pecimens represented by these groups were all made from mortar de 
iwned for standard strength and no known deviation from standard 
methods existed in them making, curing, and testing 


*) bon exarinile The Mathemationl Theory of Probaty ‘ ancl I Applion t hve 
atuel Mtntention! \lethet ! Arne bPinher, and “be ‘ t of Quality { Ma f 
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TABLE 6.—RELATION OF STANDARD DEVIATION TO AGE OF THE CONCRETE 
OBTAINED FROM COMPRESSIVE STRENGTH DATA 





Age Number, Av. Comp. 0 
Kind of Specimen in in Strength ores 
Days Group psi. psi. Percent 

6”x 12” Concrete Cylinder i 30 4315 290 6.7 
6”x 12” Concrete Cylinder 14 30 5422 244 4.5 
6’x 12” Concrete Cylinder 28 30 5925 316 5.3 
3”x 12” Concrete Cylinder 43 60 4915 435 89 
5”x 8” Concrete Cylinder 63 132 4159 404 9.7 
5”x 8” Concrete Cylinder 122 132 5425 533 9.8 
2”x 4” Mortar Cylinder 153 84 7452 547 7.3 
6”x 12” Concrete Cylinder 260 30 7580 651 8.6 
2”x 4” Mortar Cylinder 286 120 6900 579 8.4 
Pavement Cores See Note 1186 5884 1013 17.2 





Nore.—All of the specimens were made from the same general class of concrete 
obtained by using a standard strength mortar in the mixtures and were (except the 
cores) subjected to the same causes of variability in making, curing, and testing. The 
pavement cores undoubtedly were subjected to more severe conditions of variability 
than the laboratory controlled specimens and these, in addition to increase in age, 
are no doubt reflected in the high value of the standard deviation. The pavement 
cores ranged in age approximately from 1 to 7 years. The standard deviations are the 
corrected average values obtained from subgroups of six specimens, except in the case 
of the pavement cores which subgroups of 15 were considered. For methods employed, 
see W. A. Shewhart, “Economic Control of Quality of Manufactured Product.”’ 

Known differences however did exist between the groups which were 
sufficient to produce some inconsistencies in the age-strength relation, 
and differences existed within individual groups sufficient to cause some 
variation in average strength between subgroups of specimens. The 
major differences between groups were the test age, the size of the test 
cylinder, the brand of cement, the source of aggregates, and the type, 
amount, and gradation of coarse aggregate. Known variables within 
respective individual groups were the type, amount, or gradation of 
coarse aggregate, the amount of admixture used, the method of surface 
treatment, and moisture content of specimens at the time of testing. 





In examining the various groups of data, it was found that with the 
exception of the test age the variables between groups and within indi- 
vidual groups, although sufficient to affect the average strengths, appar- 
ently did not cause variation in the values of the standard deviation 
beyond that which normally would be expected in strictly comparable 
groups of compressive strength data. In fact no consistent variation 
was found in the values of the standard deviation other than an increase 
with age of the concrete. 

The results of this study are shown in Table 6, in which is included 
also the estimate of the standard deviation of a large group of pavement 
core strengths. The increase of the standard deviation with age of the 


concrete is reasonably well defined as far as the absolute values are 











NONUNIFORMITY IN STRENGTH OF CONCRETE PAVEMENT CORES 145 


concerned. Since it is often desirable to express standard deviations in 
relative terms, these are also shown in percentages of average strength. 
These percentages are influenced somewhat by the inconsistencies in 
the age-strength relation between the groups and would not be expected 
to show a relation with age as consistent as that shown by the absolute 
values. Nevertheless, these percentages confirm definitely that the 
standard deviations are lower at early ages when most laboratory speci- 
mens are tested than at later ages when most pavement cores are tested, 
and that nonuniformity in compressive strength increases with the age 
of the concrete, whether viewed from the standpoint of absolute or 
relative values of the standard deviation. 

The specimens considered herein, regardless of existing differences, 
may nevertheless be considered as having been made from the same 
general class of mixtures. For this particular class of mixtures, the values 
in Table 6 further indicate that the standard deviation is not influenced 
greatly by the particular make-up of the concrete and that in addition 
to being a function of the age of the concrete it may be almost entirely 
a function of the differences between individual specimens in any given 
group introduced during the entire process of making, curing, and testing 
of the specimens. 

As more data become available, it will be possible to plot a rather 
accurate curve showing the relation between age and standard deviation 
for compressive strength of concrete produced under laboratory control 
and of the general quality class obtained by using standard strength 
mortar in the mixtures. A curve of this nature would have many uses. 
It could be used for determination of the decrease in uniformity in 
strength occasioned by deviation from laboratory control. It would also 
make possible the development of methods for judgment of individual 
strength values and average strength values at the time of making the 
tests; some work along this line is in progress at the present time. 


CONCLUSIONS 


It is believed that the data and discussion presented herein warrant 
the following conclusions: 
(1) The position of the coarse aggregate particles in the test specimen 
has a negligible effect on uniformity of strength. 
(2) The nonuniformity of compressive strengths usually found in core 
test data as compared with that obtained in the laboratory is due (a) 
to segregation of the coarse aggregate particles from the mortar (variable 
amount of coarse aggregate in the specimens), (b) segregation of the 
larger coarse aggregate particles from the smaller ones (irregular grada- 


tion of the coarse aggregate particles in the specimens), and (c) testing 
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of cores at greater ages than usually employed in the testing of laboratory 
specimens. 

(3) The furnishing of coarse aggregate in separated sizes and recombin- 
ing these sizes during proportioning of the materials would go far toward 
elimination of the nonuniformity due to segregation in the particles of 
coarse aggregate. 


Discussion of this paper should reach the ACI Secretary in triplicate 
by Mar. 1, 1942, for publication in the JOURNAL for June, 1942 
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and V. L. GLOVER 


By VALENS JONES} 


Mr. Glover is to be commended on his interesting paper concerning 
nonuniformity of core strengths and his attempts to find by laboratory 
tests the cause of variations. His statement that cores are more variable 
than laboratory cylinders is substantiated by the coefficient of variation 
shown for cores in Table 2 of the 3rd edition of the Conerete Manual 
of the Bureau of Reclamation. It is agreed that a coefficient of variation 
of 17 percent is high, and that there should be a plausible explanation 
of the cause. It is not agreed, however, that variation in the percentage 
of coarse aggregate is entirely or even primarily responsible for the 
difference in uniformity of the cores as compared with concrete cylinders 
made in the laboratory. 


A laboratory specimen is fabricated under more rigidly controlled 
conditions than field conerete. Close control is exercised not only of 
mix proportions, including amount and grading of coarse aggregate, 
but also of mixing, placing, and curing. There are many sources to 
which strength variations may be traced, and variation in the amount 
and grading of coarse aggregate is but one of these sources, It is evi- 
dent from the author’s text and third conclusion that many of the cores 
represented pavement made with pit run coarse aggregate. Under 
these circumstances, variable grading of the pit and segregation of fine 
sizes would cause nonuniformity of concrete at the mixer. When con- 
crete is nonuniform at the mixer, what happens during subsequent 
handling? Many of the operations between the mixer and the forms 
can cause nonuniformity of the finished product, and none of these 


*ACI Jounnan, Nov. 1941: Proceedings V. 38, p. 133 
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operations can be relied on to transform a widely fluctuating mixer 
product into smooth, uniform concrete in its final position in the forms 
In fact, all handling operations must be carefully managed if segrega- 
tion and nonuniformity are to be avoided. 

Unfortunately the author has given so few data relative to the con- 
crete cores that it is impossible to judge what portion of their variation 
in strength may be attributed to the coarse aggregate and what por- 
tion might be due to variation of items that were not mentioned, such 
as: water-cement ratio, cement content, and workability of the fresh 
concrete; cement from a different bin or carload; kind and amount of 
curing; the season of the year when concrete was placed; and special 
conditions, such as alkali exposure. Also, no data were given to indicate 
that such an extreme variation of the amount of coarse aggregate as 
one-fourth to one and one-half times the standard amount was found 
in the cores that were tested, and it is doubted that this variation could 
occur without causing such difficulty that correction would shortly 
be made, Inspection by competent men on the job would not allow 
segregation to this extent in an appreciable area of pavement; hence, 
cores taken at random would not be apt to show as much variation in 
strength as that shown in Table 5 because of variation in the amount 
of coarse aggregate. Some of the laboratory mixes reported are con- 
siderably outside of the range of mixes that would be practical on the 
job, and there is doubt that they constitute a sufficient basis for Mr 
Glover's conclusion that the variation in core strengths is due to the 
variable amount of coarse aggregate in the specimens, 


It is not unusual to find 14 out of 1,200 test values outside of the 
range of 3,000 to 9,000 psi when the standard deviation is 1,013. psi, 
and no indication is given that the data were obtained under controlled 
conditions, This is only a little over one per cent; whereas, for data 
obtained under controlled conditions, statisticians indicate that about 
one-fourth of one per cent of the values are expected to lie outside of 
the range obtained from the average plus and minus three times the 
standard deviation, which would be 3 outside of a range from 2,840 to 
8,920. It is to the author's credit, however, that he has presented his 
data in a standard statistical manner so that the reliability of the aver 
age strength can be readily ascertained, 


Throughout his paper strengths are shown to four significant figures 
for individual and average values. It is not always realized that nothing 
is gained by this refinement in reporting compressive strength, ‘The 
average standard deviation for groups of six specimens shown in Table 1 
is 404 psi (from Table 6), and there is only a 50-50 chance that future 
averages obtained under the same conditions will be within 135 psi of 
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making or curing of these cylinders produce significant changes in 
the averages shown.* In other words, when there is doubt about the 
last 135 pounds, a difference of a single pound has no significance, An- 
other approach is that when a measure of dispersion such as standard 
deviation is given to the recommended three places, it is understood 
that about two-thirds of the test values were between the limits ob- 
tained by adding the standard deviation to and subtracting it from the 
average. Keeping in mind that such a dispersion exists, your judge- 
ment of concrete quality is not altered by reducing an average strength 
from 5,764 to 5,760 psi. The amount of information lost by such round- 
ing of figures is insignificant; and, with fewer significant digits, mistakes 
are less likely and time is saved. 

The use of pit run coarse aggregate has a long record of contributing 
to nonuniformity of the mix. Consequently, for all except the smallest 
jobs it is preferable to separate the coarse aggregates into convenient 
size fractions and recombine them in accurate proportions at the time 
of mixing. However, aggregates that are not carefully handled may 
segregate to such a degree that uniformity will be greatly impaired. 
It appears that uniformity of the mix may best be assured by arranging, 
where practicable, to do the final screening over bins at the batching 
plant 

By S. P. WINGY 


The use, by the author, of statistical measures to define the non- 
uniformity of pavement cores is another welcome indication that methods 
for the control of tests similar to those given in the ASTM Manual on 
Presentation of Data are increasingly being adopted. It is believed 
that as engineers become more familiar with the advantages, not for- 
getting the limitations, of applying statistical analysis to concrete 
technology, that order will be brought into much conflicting published 
data concerning the properties of concrete and that there will be a better 
realization of the variables which have to be controlled and the number 
of tests which are needed if reliable conclusions are to be obtained, 

In a personal letter to the writer, the author gives the reasons for the 
grouping of the pavement cores into 81 samples of about 15 cores each, 
Twenty-seven different highway sections, built under approximately 
the same specifications, were each sampled for strength in three different 
years with 15 drilled cores. Although for any given section, the means 
of these tests provided but three points on the strength-age relation- 
ship, as for example, for 1, 2, 3 or 3, 4, 5 years, the series as a whole had 


‘Computed by the method shown in Supplement A (1045) of the 1045 A.S.T.M 


Manual on Presentation 
of Data 


Phe value obtained for limite of uncertainty of an average computed by this method ia a little 
greater (nbout 10 percent in thin case) than the probable error of the average 


i mensure of reliability 
that hae loet favor in recent year 


The effeet of segregation in coarse ageregate and corrective meanures are presented by Lewis MH. Tuthill 
in a clinetiamion of Concrete Control” by I 1 Tyler, Transactions of AS vy. 106 (1041), p, 1272 


lhongineer, Bureau of Heclamation, Denver, Colo. . 
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data up to an age of seven years. Notwithstanding this large amount of 
material, no consistent long term increase in strength of concrete with 
age was found, the points for various ages for any given section varying 
from the mean for that section within the limits of expectancy as defined 
by the standard deviation of the various sections. From the analysis 
of the 1186 cores, with an average strength of 5,885 lb., the estimated 
standard deviation was found to be 1,013 |b. or 17.2 per cent This 
index of variation compares favorably with an earlier series of 2100 
highway core tests aged one to eleven years, reported by A. N. Johnson * 
which had an average strength of 4,080 lb. and a standard deviation of 
910 Ib. (22.2 per cent) and for which likewise little variation of strength 
with age was found. However, if either of these standard deviations be 
compared with those found in the laboratory in which the standard 
deviation for specimens made from different batches on the same day 
is of the order of 5 per cent and for batches made over a considerable 
period about 10 per cent (Lewis Institute reported 500 samples of 10 
specimens from different batches with estimated standard deviation of 
10 per cent,)T it is evident that in practical construction new variables 
productive of variability are introduced which in themselves have a 
standard deviation of the order of 10 to 15 per cent. The author success- 
ively investigates the hypotheses that these variables may be first, non- 
uniformity in the position of the coarse aggregate, second, variation in 
the amount of coarse aggregate, and thirdly, the effect of age. 

Tests representing the effect of segregation were simulated by placing 
the aggregate by hand in various patterns in the cylinders, and were 
given in Table 1. Eleven types were made up each day, and the series 
was repeated six times. The means for the various types excluding 
Type 11 of pure mortar, had a standard deviation of about 130 |b 
(3.0 per cent) a value without significance considering that the experi 
mental error or the ability to reproduce the results obtained for any 
one specimen appears to have been about 10 per cent, The author, 
therefore, answers in the negative his hypothesis that the position of 
the coarse aggregate caused nonuniformity, However, if it be consid 
ered that a similar series of tests of a normal mix made under reasonable 
laboratory control should show a standard deviation of not more than 
5 per cent, it would appear that either the hand placing of the aggregate 
or its segregation in patterns was responsible for an added factor of 
rariability of about 8 per cent, One other interesting facet, indicated 
by the data of Table 1 should be mentioned, The standard deviation 
of the means of the sets of eleven, made on different days is about 7 pet 
cent, a statistically significant value, If day to day variations in the 
i *Johnaon, A, N., Strength Characteriatios of Concer ete as Indicated by Core Testa, Public Noads, 0148 


Sept., 1924, 
tIhid, 
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strengths for laboratory concrete, it would not be surprising if the varying 
conditions of exposure and climate to which concrete is subjected in 
the field should prove to be a major factor in producing variability. 
Table 2 shows conclusively that it is possible by varying the amount 
of coarse aggregate in a mix to produce material changes in strength; 
for these tests an increase of one per cent in the amount of coarse aggre- 
gate decreases the strength by 0.45 per cent, This miss be compared 
to increasing the water-cement ratio by one per cent, which for a mix 
of this character would decrease the strength by 1.2 per cent. But 
before the author can aseribe to changes in the amount of coarse aggre- 
gate an important part in the increased variability found in field con- 
crete, it is necessary to show that large variations actually occurred in 
the amount of coarse aggregate contained in his cored test specimens, 


No data of this sort were available, but if the standard deviation of the 


amount of coarse aggregate contained in a specimen be estimated at 


10 per cent, the corresponding strength change about 5 per cent. 
This is but a small part of the variability for which explanation is sought 

La tly, the author discusses the effeet of age on uniformity It is not 
clear whether he has in mind that strong concretes may have higher 
tandard deviations measured in pounds than weak conerete, the same 
eonerete being involved, and the only difference being that of the length 
ol curing period, or whether he refers to what the writer would eall the 
hazards of concrete life: that 1 : the older the cone reve, the more likely 
for it to have been exposed to various type of weather and sub soil 
curing which increase the variability of test results, regardless of its 
average strength There is considerable experimental and theoretical 
ground for beheving that the standard deviation expressed as Aa 
per cont is a constant Independent of strength but having a value ehar 
acteristic of a given laboratory or test procedure, Within limits such 
factors as a given effective cylinder eccentricity, increased tamping, ete., 
will produce a given percentage strength change regardless of absolute 
valu Illustrating this, an analysis of three series of tests of 6 x 12-in 
cylinders cured 3, 7 and 28 days, each series consisting of three cylinders 
from each of 28 different batches gave the following estimated standard 


deviations with respect to the individual bateh means: 


estimated 
Standard Deviation with respect 
to Batch Mean 


Days of Cure Mean Strength Lb 
Lb» Per Cent 
3 1216 oO 2.5 
7 Isa 11 2.2 


28 WAG 85 2.0 
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Since the differences in these percentage values are not significant, 
2.3 per cent can be taken as a standard of variability for the test tech 
nique of this particular laboratory for cylinders taken from the same 
batch, regardless of their absolute strength. On the other hand, it i 
known that small differences in curing conditions, particularly at early 
ages, create large changes in strength, and this factor in itself seem 
adequate to explain much of the variation in the strength of eylinde 
taken from concrete poured in the open, 

Finally, the writer wishes to suggest one factor not mentioned by the 
author which may well be a major factor in explaining the difference in 
uniformity found within a series of laboratory tests and that found for 
cored cylinders ; the cement itself, The writer has had access to the results of 
28 day acceptance tests made on more than a hundred bins of cement 
purchased from a number of suppliers under a single specification 
Mach four hundred barrels of cement entering the bins was sampled, 
and five samples were blended to provide a strength test, lor the entire 
series the standard deviation of these blends representing 2000 bbl lot 
was more than 20 per cent and for individual suppliers ranged from 
10 to 17 per cent. While it is possible that had the tests been made afte 
one year of constant curing instead of after 28 days the standard devin 
tion measured in percent would have been found considerably smatier, 
and while it is certain that the handling of the cement from bin to mixes 
would reduce the job variability of these acceptance test values there 
seems to be little doubt that where large yardages of cement are involved, 
the cement itself is an important cause of variation in the finished product 
lor example, data presented in the Wheeler Project report of the T. Vv. A." 
indicates a standard deviation in the 28 day strength of conerete eylin 
ders made from lots of cement purchased from the same supplier of 


about 9 per cent based on about 20 lots and SO Observation 


Although the importance of the various factors, whieh combine to 


give an overall standard deviation, vary from job to job, it is thought 
that Table A showing the writer's estimate of the individual standard 
deviations of the various items which combine to give the 17 per cent 
variability of pavement cores found by the author presents an approx 
mate picture of their relative importance, Tt is to be noted that since 
variability factors combine in accordance with “the square root of the sum 
of their squares” to give the overall coefhicient, the elimination of any 
single couse of varinhility produces but a small change on the overall 
value 


*( nited Mtates Tennessee Valley Authority The Wheeler Project, p W790 
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TABLE A—ESTIMATE OF MAGNITUDE OF FACTORS CAUSING STRENGTH 
VARIATIONS IN HIGHWAY TEST CORES 


Standard Mean Sub Total 
Item Causing Variation Deviation Square Mean Square 
(per cent) 


1, Capping l l 
2. Strength ol particle of course nyegregate | | 
3, Tamping l l 
1 Mise., including mixing 15 4 
Within Batel 2.3% 5.2 §.2 
hf. Crrnding of fine agwrepate 2 } 
6. Water-cement ratio 2 i 
7. Loeation in curing room 3 4) 
%. Mise., including temperature of mixing water 2 1 
Batch to Batel | O°", 21 21 
Total Laborator i lten if / ‘3, 2 
9% Quantity of conrse aggregate h 25 
10 bree water in field agyremwate ih) Oo 
11, Climatic exposure S 4 
12. Cement from various bin s tt 
13.) Mine s 4 
Kield Item 16‘ /; PAS 253 
Total Standard Demation 17‘ 270.2 


Phe table likewise imdieate that the saecurate determination of the 
average strength of concrete placed in the fleld depend more Upon the 
number and location of the localitie sampled than upon details of the 
lnboratory test procedure, nnd likewise that in de whinge trinl mixes ot 
In testing cement little is gained in testing more than one sample from 
uo single bateh, the large factor causing variability in results being the 
bateh to bateh variation Vheis din repeatedly been pointed out hy 
other 


To conclude this discussion, Table Bois a tabulation of standard 


deviations, expressed as percents for typical classes of conerete work 


taken from actual strueture 


By making use of the tabulated data itt peo ible to fix an average 
trength of conerete for field use such that any desired percentage ol 
cores taken from the job will not fall below a given specified strength 
and thus meet the requirements of Section S827-SA of the Joint Com 
mittee Standard Specifications for Conerete and Reinforced Conerete, 
June, 1940, which determines design unit stresses. | 

* Leavitt, H.W. A Study of Plastic Mortar Cubes, AWS. TOM. Part 1, ( K 1ON7, p. Ad 


| Worenu of Reelatiatior ‘ ‘ Va i/ hd ed, 


applying atatintioal control 


187 given adidlitional data and methods of 
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TABLE B 
Item Number Standard Deviation 

Drilled cores from highway ; 1000 17-22% ( 
Drilled cores from highway 

3 cores from same cross section in term 

of group mean 500 set 12.5% (') 
Drilled cores from concrete bridge floor 

slab. . 300 14% (*) 
Typical buildings... . 1000 20% (*) 
Dam 18x36-in. cores. 12 156% (*) 

(4) Johnson, A. N., op eit 

(2) Glover, V. L A Study of the Cnuse of Nonuniformity in the Compremive trength of Pavere 
Cores 

(*) Teller, L. W ‘The kffeet of Materials and Methods of Placing on the trength and Other Properts 
of Concrete ridge Floor Slabe. Public Hoada, 12:237, December, 1041 

(4) Young, R. . Control of the Quality of Concrete Ameriwan Concrete Inatitute Jo 1, 22:101, 10 


Tennessee Valley Authority The Wheeler Project, Technical Report No. 2, p. 454 

As far as the writer can see there is little prospect of making a material 
reduction of these values for jobs which must be carried out over several 
months, since a variable climate and cement supply must be accepted 
for most work. On the other hand, from the point of view of laboratory 
control and research, the estimates of the upper part of Table A indicate 
the possibility of a material saving in the number of cylinders required 
to attain a given accuracy providing it is found possible to produce 
concrete in SUCCOSSIVOG batches, Or OF SUCCORESIVEG day os uniform as that 
which comes from a single batch, This goal does not seem impossible ol 
attainment, 

AUTHOR'S CLOSURI t,t SILA VER 

S. P. Wing and Valens Jones both express doubt as to the existence 
of the same degree of variability in drilled cores as was introduced in 
the laboratory specimens represented by Table 4, That) segregation 
of mortar from the coarse aggregate and segregation of the larger coarse 
aggregate particles from the smaller ones are present to varying degre 
in drilled cores may be observed visually during the testing of core 
To advance quantitative proof of the degree to which these condition 


are present, however, is by no means an casy matter 


A concrete pavement is not a homogencous mass of concrete as might 
be supposed from the appearance of the finished surface, Removal of 
large sections of slab for the purpose of examining the surface in con 
tact with the subgrade has revealed varying degrees of defeets ranging 
from wrmall indentations to Infrequent mall pot of severe honeyeomb 
Severe condition of honeycomb is seldom revealed ino drilled cores be 
eause it is of infrequent occurrence and because a core is but a very 
small sample, On the other hand, when cores are drilled at) random, 
some will in the long run be drilled in the honeyeombed spot In clad 
tion to the 1186 cores used as an ilustration of the nonuniformity which 
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exists, there were 14 honeycombed cores which were not included be- 
cause they were not considered sufficiently representative in the com- 
parisons which were to be made. It is seen, therefore, that one out of 


ubout 85 cores drilled was visibly honeycombed. 


Honeycombed concrete is the result of an extreme condition of segrega- 
tion of the coarse aggregate particles from the mortar and usually also of 
an extreme condition of segregation of the larger particles of coarse ag- 
gregate from the smaller ones No condition as extreme as that is repre- 
sented by any of the data in Table 4. When the extreme conditions of 
segregation which causes honeycomb are known to exist in drilled cores, 
it is obvious that all lesser degrees of segregation also exist and it is but 
logical to conclude that the variability introduced in the laboratory 
specimens represented by Table 4 are present to an even greater degree 
in drilled cores 


Variabilities affecting the consolidation of the concrete and the dis- 
tribution of the coarse aggregate in the mortar, regardless of how they 
are introduced, collectively result in nonuniformity of distribution of 
the coarse aggregate particles in the mortar, Practically all operations 
from the production of the coarse aggregate to the finishing of the pave 
ment are included, but there are many causes of variability which cannot 
be ineluded in this classifieation. Aggregates come from various sources 
and so do the cement Imperfeet control of the mixing water introduces 
variability, Conditions of exposure, curing, and climate, and undoubt- 
edly many others, introduce variability. The effeets of many of these 
causes, however, partially or completely disappear as the concrete 


approaches its ultimate strength 


Observation of both laboratory and field test results indicate that 
condition of exposure, curing, and climate has little or no effeet upon 
the ultimate strength of conerete as long as the concrete has not been 
damaged during early ages by freezing or drying. Similarly, the differ- 
ence in strength between gravel and crushed stone concrete, apparent at 
early ages, is of practically no importance at adyvarenl ages, although 
this would not be true where gravel and crushed stone cannot be ob 
tuined under the same quality specification, Differences in strength due 
to the Use of different brands of cement have nlso been observed to 
hecome greatly minimized as the conerete increased in age. As a matter 
of facet, some of the greatest nonuniformity in the 81 samples of cores 
was found in sections where only one brand of coment was used, Also, 
ince the proportions for the mixtures are designed accurately for a 
given strength, taking into account the characteristies of the aggregates, 
and the control of the proportioning and the mixing water is in the 


hands of an engineer assigned to the work, no variability of large magni 
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tude should result from this. Therefore, when the concrete attains 
the age when most cores are drilled, the effect of many of the causes of 
rariability should have been greatly minimized. 

The results of field beam tests from 1931 to 1941, inclusive, confirm 
this. The average of the standard deviations estimated for these years 
at the 3, 5, 7, and 14-day test ages are 117, 104, 100, and 98 pounds per 
square inch, respectively. Expressed in percentage of average strength, 
the values are 18.7, 14.4, 13.0, and 11.4, respectively. This is consid- 
erably different from what is found under laboratory conditions, where 
the absolute values evidently increase with age and the percentages 
tend to remain nearly constant. While accurate determinations could 
not be made at ages greater than 14 days, it is indicated that the abso- 
lute values will remain around 100 pounds per square inch at least 
up to 28 days and the percentages will decrease still further. All the 
variability in field concrete, except extreme segregation and curing, 
may be considered as being collectively represented in these values. 
The beam forms were filled by shoveling from batches deposited on the 
subgrade, preventing extreme segregation, and the beams were cured in 
moist sand. 

These figures should carry considerable weight because of the great 
number of beams made each year, ranging from more than 17,000 in 
1931 to about 3,000 in 1941, the number of beams being reduced as the 
methods of proportioning became established and as the work reduced 
in volume. They indicate that a large part of the variability present 
during the extreme early age of the concrete will disappear during the 
first month. 

It was possible from these data to segregate the influence of the fact 
that the cement was obtained from different mills. The standard 
deviations of the average strengths obtained with the various brands of 
cement, as estimated at the 3, 5, 7, and 14-day test ages, were 43, 39, 
33, and 33 pounds per square inch, or 7.0, 5.2, 4.4, and 3.9 per cent of 
the grand average strength. These values show practically the same 
trend, but they may not be taken as corresponding directly to the values 
given above, because they were not weighted in accordance with the 
number of beams tested from each cement, and because any data which 
did not include at least 25 beam tests were arbitrarily considered in- 
sufficient for accurate results and disregarded. The values shown are 
not indicative of all variability resulting from cements, since some 
rariation may be expected to result from different shipments from the 
same mill, and are given only for illustrative purposes. 

The standard deviations given were determined on the basis of beam 
strengths and not on the basis of individual breaks. Two breaks were 
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made on each beam and the average for these taken as the strength of 
the beam. The beam size was 6 x 6 x 30 in. and the test, while made 
in a so-called cantilever apparatus, was essentially a simple beam test 
over a 16-inch span loaded at the midpoint. It is regretted that no 
data can be presented for this type of specimen as to variability ob- 
tained under laboratory conditions. 


It is hoped that this additional discussion will justify the contention 
that segregation is at least the major permanent cause of variability 
in pavement core strengths, and that the data in Table 4 “go a long 
way toward explaining the nonuniformity usually found in such data’. 


Mr. Jones seems to have arrived at the conclusion that pit run gravel 
was used in some of the mixtures represented by the core strengths 
cited. This is not the case. All coarse aggregates were processed to a 
definite specification, but they were not required to be delivered in 
separated sizes. He is undoubtedly right in his contention that the 
cylinder strengths need not be reported to the nearest pound. How- 
ever, in this age of electrically driven, automatic calculators there exists 
no really good reason for rounding the values. 


Mr. Wing calls attention to the possibility that the standard deviation, 
in the case of any given laboratory procedure, may be a constant per- 
centage of the average strength. If this is true with a sufficient degree 
of accuracy, application of statistical methods in the analysis of test 
results will be greatly simplified. In tests performed by the Illinois 
Division of Highways on the class of concrete regularly used in highway 
construction, the only factor influencing the increase in strength being 
age, the minimum value of the standard deviation, expressed in per- 
centage of average strength, seems to have occurred around the 14 or 
28-day age. The amount of data available, however, does not justify a 
definite conclusion in this respect. 


Table C is offered as evidence of the possibility that the standard 
deviation may be a definite percentage of the average strength for a 
given laboratory procedure. Each value given was determined from 
20 sets of 6 tests with the proper correction for sample size. It is possible 
the variations shown are not significant, although as far as the average 
trend is concerned, the minimum standard deviation for the compressive 
specimens did occur for the 28-day age. The specimens were 2 x 4 in. 
mortar cylinders and 1% x 14% x 12 in. mortar beams. It is seen that 
the percentages for the flexural specimens are about two-thirds of those 
for the compressive specimens. It should be understood that although 
the size of the specimen in the case of the compressive test does not 
appear to have much effect on the value of the standard deviation, the 
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TABLE C—RELATION OF STANDARD DEVIATION WHEN EXPRESSED IN PER- 
CENTAGE OF AVERAGE STRENGTH TO QUALITY AND AGE OF MORTAR 


Age Gallons of Water per Bag of Cement 
m - Av. 
Days 7.5 6.3 5.4 1.6 
2x 4 in. Mortar Cylinders 
7 10.4 8.3 8.8 8.7 9.0 
14 9.5 8.6 9.4 8.0 8.9 
28 8.8 8.5 7.5 7.0 7.9 
90 11.0 9.1 10.0 11.3 10.4 
Av. 9.9 8.6 8.9 8.8 9.0 
1'9 x 1!9 x 12-in. Mortar Beams 
4 7.3 5.1 5.9 5.9 6.0 
14 6.5 6.0 5.2 6.8 6.1 
28 5.0 5.9 5.0 6.3 5.6 
90, 5.6 5.2 5.3 6.2 5.6 
Av. 6.1 5.6 5.4 6.3 5.8 


same may not be true in the case of the flexural test. The values for the 
small mortar beams in Table C, therefore, are not necessarily com- 
parable with values obtained for 6 x 6 x 30-in. concrete beams. 
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Design Diagrams for Square Concrete Columns 
Eccentrically Loaded in Two Directions* 


By PAUL ANDERSEN } 


SYNOPSIS 


Building frames of reinforced concrete are continuous space structures, 
In the case of beam and slab construction the vertical and lateral loads 
are carried to square columns through a grid system of girders. Shears 
and bending moments are thus transmitted to the columns (generally 
square) in two perpendicular planes and can be resolved into single forces 
eccentrically placed in two directions with respect to the column axes, 


In this paper are presented fifteen diagrams which will give directly, 
for square columns with symmetrical reinforcement and eccentrically 
loaded, the maximum compressive stress on the concrete as well as the 
maximum tensile stress in the reinforcement without first determining 
the position of the neutral axis. These diagrams can be used for sections 
reinforced with four, eight, twelve or sixteen bars. 


NOMENCLATURE 
A, cross-sectional area m distance between adjacent cor 
a length of side of square section ner bars 
D length of diagonal 2: modular teed 
; : k distance from apex of compres- 
d distance from corner to reinfore- 


sion area to neutral axis, 


ing bar divided by length of diagonal 


¢ eccentricity P magnitude of load 
Se maximum compressive stress on =p steel ratio 
concrete r distance between adjacent cor- 
I maximum tensile stress in rein- ner bars for equivalent section 
forcing bars 0 angle between diagonal and line 
fs maximum tensile stress for connecting center of section 
equivalent section and point of application of 
, load 
M bending moment C.T.e coefficients 


*Received by the Institute Aug. 14, 140 


tAssociate Professor of Structural Engineering, University of Minnesota, Minneapolis. 
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REVIEW OF THEORY 


Fig. 1 shows a square section reinforced with four rods and subjected 
to the action of a concentrated load applied at P. Depending on the 
position of the eccentric load the part of the section which will sustain 
compressive stresses may form a triangle (Case A), a trapezoid (Case B) 
or a pentagon (Case C). If the conventional assumptions of reinforced 
concrete design are adopted and supplemented by the supposition of 
perpendicularly of neutral axis to plane of bending, equations can be 
set up from which the position of the neutral axis can be determined.* 
The usual assumptions of reinforced concrete practice are preservation 
of plane sections, proportionality between stress and strain, and 
disregard of tensile stresses in concrete. A study of the additional 
assumption (neutral axis normal to plane of bending) has been made 
recently.t This study showed that the error involved in this last’ assump- 
tion is extremely small. 

The equations from which the position of the neutral axis can be 
determined are: 


*See Civil Engineering, Oct. 1939, pp. 616-618 
tSee Civil Engineering, Jan. 1940, pp. 37-39. 











SQUARE COLUMNS ECCENTRICALLY LOADED IN TWO DIRECTIONS 151 


Case A: 


kt + (2° — cosO0)k*® + 3np : kcos20 — 
D D 


$ 1.3 
npe0s20) . cosO + ( mp. ) | alk LEM ee are (1) 
2 D 2 D 
Case B: 
: ) 3 ‘0s0 — sinO ? F 
ke + (34 — -cosO)k? — a = (6- — 2cosO — sinO)k+ 
D 2 4 D 
; 3 1? 
3np- (cosO + sinO)k — -(cosO + vino)| « cos8 + (1 wa ) |+ 
D 2 D 2 D 
(cos8 — sin®@)? ; 
a — (4 en cos} — nO) = 0....... > 


16 D 


Case C: 


kt + (2£ — 3cosO0)k? + 3cosO(cos0d — 9 )\k? — 
D D 


| cow f- he (npcos20 — ») |h -{- : cosO(1 + 2 sin*0) + 
D 2D 


‘0s20 , 3 l 1? 
as np cos20 F cos + (- — ) i ee eee sa ee 
D 2 


8 2 D 


With & known the maximum compressive stress, f., on the concrete 
can be determined by: 


Ca’ 
Where 
,  ( + dnp (2k — cos®@) cos20 
6kcos20 
In this expression c; equals for the three cases of stress distribution. 
Case A: 4k 
(cosO sin0)$ 


Case B: 6k*(cosO sinO) 3k (cos8 — sin®@)? 
9 


Case C: —4k*? + 12k2cosO8 — 6k + cosO (1 + 2 sin?O).. oe (6) 
In all three cases the maximum stress in the tensile reinforcement is 


| |) ra sac wen . (7) 
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Where 


d_ cosO 
ae 


T = (1 -—) 
Dek 


eae cae ee i.) 


DIAGRAMS FOR USE IN DESIGNING 


One of the most frequently occurring problems in the design of rein- 
forced concrete columns is after shears and moments have been deter- 
mined to find the maximum stresses in the concrete and the steel. 

The first step is to substitute a single force whose magnitude and 
location are readily determined from the given shears and moments. In 
this paper the point of application of the single force is expressed by 
the eccentricity, e, and the angle of eccentricity, 0, as indicated in Fig. 1. 

In order to compute the maximum stresses by equations (4) and (7) 
the position of the neutral axis must first be determined from equations 
(1), (2) and (3). The diagrams presented in this paper eliminate the 
necessity of computing k, the stress coefficients C and 7 are given as 
functions of the position of the load and the dimensions of the section. 

The diagrams give directly the stress coefficients C and 7’, as defined 
by equations (5) and (8) respectively, for sections reinforced with four 
rods. Three embedment ratios, d/D, have been assumed, namely 0.1 
(Diagrams 1-5), 0.15 (Diagrams 6-10) and 0.2 (Diagrams 11-15). 
Each assumed embedment ratio has been plotted for five angles of 
eccentricity, namely 0 degrees (two equal bending moments), 10, 20, 30 
and 40 degrees. Finally different steel percentages and modular ratios 
have been taken into account by varying the product pn from 0.1 to 1.0. 


SECTIONS REINFORCED WITH EIGHT BARS 


Diagrams 1-15, which are plotted for sections with four bars can be 
used for members reinforced with eight bars by making use of an equiva- 
lent four-bar section as explained in the following: 

In Fig. 2 is shown a square section reinforced with eight bars, each 
with a cross-sectional area of A,. The equivalent four-bar section is 
the square section of the same size reinforced with four bars whose total 
cross-sectional area equals the total area of the original reinforcement 
but so placed that for a given load the concrete stress intensities of the 
two sections will remain identical. 

As the reinforcing bars are equally effective in tension and compression, 
it is readily seen that for a given neutral axis, the sum of all internal 
moments will remain unchanged, if the reinforcement is concentrated 
at such four points that the moments of inertia with respect to the two 
axes 1-1 and 2-2 for the four equivalent bars are the same as for the 
original eight bars. Referring to Fig. 2 this requirement is fulfilled if 
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If, therefore, for a given section with eight bars, it is desired to find 
the maximum concrete stress, the equivalent four-bar section as deter- 
mined by equation (10) can be analyzed by equations (1) to (6) or by 
using the corresponding diagrams. The concrete stress, f., thus found 
will be identical to the concrete stress in the original eight bar section; 
but the tensile stress, f’, in the most highly stressed of the four bars 
will be smaller than the desired tensile stress, f,, in the original eight 
bar section. A relation between these two stresses can be derived from 


similar triangles in Fig. 2, thus: 


nf (mm xr) +f',(m+a 
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Diagram 9 


Diagram 10 
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Diagram 11 
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Fig. 3—Numerical example 


SECTIONS REINFORCED WITH TWELVE BARS 


Columns having twelve bars can be treated similar to columns with 
eight bars. The corresponding relations become: 


8x A,X (“) +4x A,X (2) =4xX3A,X (2)... 
) 


EES) Ot re (10a) 


Similar to the preceding case the concrete stress in the equivalent 
section will be the desired stress and the correct steel stress can be found 
from equation (12). 


NUMERICAL EXAMPLE 


Fig. 3 shows a square concrete column reinforced with 12 one-inch 
square bars and subjected to the action of a direct load and two bending 
moments acting in perpendicular planes. The eccentricity and angle of 
eccentricity of the equivalent single load are: 


| __V' 107660" + 60520" 
137850 


xX 12 = 10.75 in. 


60520 -@ = 15° 40’ 
107660 


tan (45° — 90) = 


The distance between corner bars of the equivalent four-bar section is: 
xz = 0.839 XK 20 = 16.78 in. 


The embedment ratio for the equivalent section is: 
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If 10 is assumed for the modular ratio, then: 


pn = = x 10 = 0.192 
625 

An inspection of Diagrams 7, 8, 12 and 13 gives: 

Diagram 7;d/D = 0.15;0 = 10°;C = 0.22; T = 0.55 

Diagram 8;d/D = 0.15; 0 = 20°;C = 0.23; T = 0.56 

Diagram 12; d/D = 0.2 ;® = 10°;C = 0.20; T = 0.51 

Diagram 13; d/D = 0.2 ;® = 20°;C = 0.21; T = 0.52 
Interpolating for an embedment ratio of 0.164 

0.164 — 0.15 


I 


ee 9° 5 9 5 re yy 5 = ().22 
C 0.225 + (0.205 — 0.225) 02-015 
_ i ~--, 0.164 — 0.15 o 
T = 0.555 + (0.515 — 0.555) 7 ees 0.544 
0.2 — 0.15 
According to equation (4) the maximum compressive stress on the 
concrete is: 
137850 ; 
f. = — = 1003 lb. per sq. in. 


0.22 X 625 
and according to equation (8) the maximum tensile stress in the equiva- 
lent four-bar section 

f’, = 10 X 1003 X 0.544 = 5440 lb. per sq. in. 
The correct maximum tensile stress for the twelve-bar section is, accord- 
ing to equation (12): 
; — 10 X 1003 x (20 — 16.78) + 5440 (20 + 25) 
i 25 + 16.78 
f. = 6632 lb. per sq. in. 
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Discussion of a paper by Paul Andersen: 


Design Diagrams for Square Concrete Columns 
Eccentrically Loaded in Two Directions* 


DISCUSSION By K. HAJNAL-KONYI{ 


I should like to mention another solution of this problem, given by 
Professor Roussopoulos in Annales Techniques (Athens) of May 1 and 15, 
1933, and also published in Beton u. Eisen 1939, No. 5, pp. 79 to 87. 


Professor Roussopoulos’ solution is more general since it refers to a 
rectangular cross section and can be applied both for eccentric tension 
and compression. An equation is given to determine the limit between 
“Case C” in Doctor Andersen’s paper and between the case when the 
neutral axis does not intersect the cross section, i.e. the case of small 
eccentricities, when the load acts within the “core’’ of the cross section 
and the stresses can be calculated directly without determining the 
neutral axis from a complicated operation. 


*ACI Jovenat, Nov. 1941; Proceedings V. 38, p. 149. 
tLondon, England 
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Some Experience With Prestressed Steel in Small 


Concrete Units* 


By R. E. DILLt 


Member American Concrete Institute 


SYNOPSIS 


Preventing early bond by using greased or oiled round steel rods and 
slowly stressing these rods against the body of the concrete, the writer 
built some 1400 posts and several hundred building slabs. With steel 
in tension and concrete in compression, neither posts nor slabs cracked 
and so far show no weathering. A laboratory test shows how a beam 
so built acts when loaded to failure and the curves show how high 
strength steel may be used to save steel or to produce higher strength 
beams without increasing size or weight. 


This paper has to do with one method of using prestressed steel in 
fence posts and in small building slabs all manufactured as precast 
units and presents data furnished by a laboratory test of two beams 
identical except that in one beam the reinforcing was thus prestressed 
and in the other it was not. 

There are two ways to prestress the steel in concrete. One way is to 
stress the steel and pour the plastic concrete around it holding the steel 
in a stressed state until the concrete has hardened. It is not often 
practical to hold the steel in its stressed condition until the concrete has 
fully hardened. The plastic flow of concrete is considerable when it is 
green. Since loss of stress in the steel due to plastic flow, shrinkage 
from drying, and the compressive shortening of the concrete due to the 
steel stress cannot be compensated for when this method is used, its 
usefulness is limited. 


The second method is to coat the steel with a lubricant to prevent 
early bond of the concrete to the steel. As the concrete hardens, stress 


*Received by the Institute, Jan, 22, 1941. 
tAlexandria, Neb. 
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the steel against the body of the concrete, continuing the tightening until 
the desired stress is reached and held. 

Using this method the writer built about 1400 fence posts in 1928 and 
1929. Each post was 214 in. square at the top, 6 ft. long and 44% in. 
square at the bottom end. The reinforcing was one scant 3% in. round 
rod with rolled threads on one end. The threaded end was allowed to 
protrude 144 in. from the top of the post. All the steel except a hook 
at the bottom was coated with asphalt, grease or form oil. The day 
following the pouring of the concrete a 2 in. cast iron washer was slipped 
over the protruding end of the reinforcing, a nut screwed on tightly 
enough to produce some stress in the steel and some compression in the 
concrete, taking care not to crush the green concrete. The posts were 
then removed from the forms and the tightening process was continued 
as convenience offered or necessity required. 

The use of “scant” 3% in. steel, that is, steel that does not measure 
“full”, is required if standard nuts are used as the rolling process raises 
threads that are in part above the original surface. If full 34 in. steel 
rods are used the rolling process raises threads which require oversize 
nuts. Either combination is satisfactory. * 

The use of rolled threads rather than cut threads is necessary because 
the cutting process reduces the net area of the rod so greatly as to pretty 
much nullify the gains to be derived from prestressing. The net area 
of the threaded section is reduced but very little when rolled threads are 
used. 

These 12 and 13 year old posts have shown almost no deterioration. 
There is very little transverse cracking and none which cannot be reason- 
ably attributed to some over load. There is no longitudinal cracking 
except at the top of some posts where the partly hardened concrete 
was subjected to overload from too great early tightening. All the rods 
were retightened a year or more after the posts were made. 


After satisfactorily solving the application of this method to fence 
posts the writer attemped to apply it to building slabs. After several 
failures the satisfactory design herewith presented was evolved. Two 
lengths, 12 ft. and 14 ft., respectively, were built and used. To conserve 
space only one will be described in detail, the shorter one. Sheet steel 
twelve feet long was formed so that it was two feet wide and had depres- 
sions at the side as shown in the cross section Fig. 1. 

The forms were modified at the ends to carry the depressions (shown 
at the sides) around the ends, the rib or flange continuing around ends 
as well as the sides of the slab. These end ribs were reinforced with a 
bonded 10 gauge wire. The longitudinal reinforcing used was scant 


*Buffalo Bolt Co., and the Bethlehem Steel Co., furnish such material with rolled threads. 
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3% in. rods, one in each longitudinal rib, greased or oiled, as in the posts, 
but with rolled threaded ends protruding from both ends of the slabs. 
No other reinforcing was used and none found necessary. There are no 
shrinkage and no temperature cracks in either direction. The design 
called for a web thickness of one inch. Some by accident were made with 
a web thickness of only 5% in. and have been used without failure ever 
since. Such thin slabs, however, were found to be difficult to handle 
without damaging them. In the 14-ft. slabs the rib was made deeper 
and wider and scant 1%-in. instead of scant 3-in. steel was used. 


A 
———— —_ 
5 9s Stee/ 


Fig. 1 











The position of the reinforcing between the slab ends should be deter- 
mined by the position in which the slab is to be placed in use. If to be 
placed vertically the steel should be about the middle of the rib (Fig. 1). 
If the slab is to be used horizontally as ceiling or roof, (the ribs of course 
should be on its under side) the reinforcing should be very near the bottom 
of the rib at the mid point. Its end position should be unchanged or 
slightly higher. 


In 1929 the writer built a single-walled garage using these 12-ft. slabs 
for walls and roof. In 1935 and 1936 he built a double walled house 
approximately 42 by 32 ft. using 14-ft. slabs for roof and part of the 
ceiling and 12-ft. slabs for the rest of the ceiling, for inner walls, parti- 
tions and outer walls. The single walled garage is cold in winter, hot in 
summer. The double walled house, with the space between inner and 
outer walls filled with straw, is so fully insulated that it is cool in summer 
and is successfully heated throughout in winter with a specially designed 
but open fireplace at small cost. There is as yet no observable deteriora- 
tion of the slabs. 


Some years ago at the University of Nebraska two beams were built 
duplicate in all respects except that in one beam the two reinforcing rods 
of ordinary* quality were bonded and in the other they were stressed in 
tension against the body of the concrete. They were then identically 
loaded to failure. Fig. 2 shows the load-deflection curves for the two 
beams. At the first crack, which occurred at almost the same deflection 
in each beam, the prestressed beam was supporting a load of 7500 lb. 
as against a load of 4500 Ib. for the beam with the steel not prestressed. 


*Elastic limit, 40,000 psi.; tensile strength, 60,000 psi. 
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By prestressing the additional strength of high strength steel may be 
used. In Fig. 3 the lowest line duplicates the prestressed beam curve of 
Fig. 2. The middle curve indicates the estimated load-deflection curve 
of a beam with steel of twice the tensile strength of that used in the first 
beam, doubly stressed; and the top-most curve the estimated load-deflee- 
tion curve of a steel four times as strong as that used in the first beam, 
quadruply stressed. (Each of the latter curves is slightly in excess of 
actual load carrying capacities since to balance the greater tension in the 
steel at the bottom of these slabs there must be employed a greater depth 
of the concrete in their top sections to furnish the equalizing compression. 
This requirement reduces the length of the lever arm from the center of 
tension in the steel to the center of compression in the concrete.) 


A unique value of prestressing is in connection with the occasional 
need to avoid any sag in a beam. For instance in a roof slab any sag 
whatever may be avoided or a decided arch may be secured by placing 
the mid-section of the reinforcing in the lower third of the slab and sub- 
sequently prestressing the reinforcing. If the concrete is not past the 
stage of plastic flow the slab will arch and do so without any cracking. 


Discussion of this paper should reach the ACI Secretary in triplicate 
by Mar. 1, 1942, for publication in the JOURNAL for June, 1942 
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Concrete Specifications and Water Content of Concrete* 
By F. J. WARBERGt 


SYNOPSIS 
A plea for specifying definite credits, accruing to the owner for every 
failure of his contractor to meet specification requirements, heavy 
enough to make non compliance unprofitable; a plea to owners that a 
competent, honest inspector is well worth his hire, and suggesting a 
test for water content of concrete after it has set. A testing laboratory 
should not be a subcontractor. 


Experienced concrete engineers and designers are well aware that, 
no matter how carefully a design is worked out, it can still be wrecked 
or nullified by vague specifications, or lack of competent field inspection. 

The construction engineer on a concrete job nowadays has most of his 
worries over controling the water content of his concrete. 

Many devices are on the market but none of them foolproof. In 30 
years experience I have not seen any that could not be circumvented by 
any resourceful contractor. Why does a contractor want to pour “‘soup’’? 
Simply because it is more profitable to him! That in general is the reason 
for most of the objectionable features of construction work. 

Constant, honest, intelligent and efficient inspection by a competent 
man is still the only real way to get good water control on a concrete job. 

One would almost think that honest, competent men are scarce, or 
too high-priced, for the practice prevails among designers and specifica- 
tion writers of putting small trust in competent honest inspection. 
Instead they specify a generous excess of cement and hope to get the 
strength required in spite of all that may happen, or not happen. After 
all, the architect, or engineer, has to protect the owner against a poor 
job. He knows that poor concrete makes for excessive maintenance costs 
and robs the owner of the flexibility in load carrying capacity so sorely 
needed in these days of ever increasing load carrying demands. 

So, instead of demanding 3000 Ib. concrete with 5 bags of cement per 
cu. yd., we specify 6 bags per cu. yd. What this means on a good-sized 


*Received by the Institute Aug. 28, 1940 
tRegistered Structural Engineer, Dearborn, Mich. 
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job of, say 8000 cu. yds. is easily seen. If cement is selling at $2.40 per 
bbl. this means $4800.00 added to the cost. It should not take more 
than the 6 warm months to pour such yardage, so a competent inspector 
could be hired at $300 per month and $3000 cut off the cost of the job. 

Another bad practice: The cost of properly designing a reinforced 
concrete job to satisfy any up-to-date code is considerably higher than 
for a structural steel job; specifications are therefore written to relieve 
the architect of certain field inspection expenses such as tests and test 
cylinders, and the contract so drawn as to make the contractor engage 
and pay for the services of an “approved” testing laboratory. 

To my way of thinking these expenses should properly be borne by 
the owner directly (incidentally saving him the contractor’s profit on 
this item), because otherwise it puts the testing laboratory in a poor 
light if something is not as it should be; the laboratory in the position of 
“biting the hand that feeds it’’—not conducive to candid reports. 

Another common failing of concrete specifications is failure to provide 
definite penalties for deviation from specified requirements. If the con- 
tractor is required to make screen tests of the aggregate or slump tests 
of the concrete at certain intervals and omits to do so, certain definite 
penalties should be specified. If he is required to put six bags of cement 
into every yard of concrete and fails to do so, penalties should be exacted. 
If he fails to provide the required strength, uses excess water, definite 
penalties should be provided. (This last item, of course, is one of the 
most important ones and one of those hardest to enforce, the slump 
test being what it is.) Unless penalties are large enough to make bad 
practice unprofitable, they cause friction but accomplish no good. 

The placing of reinforcement could be handled better in many speci- 
fications. In a modern building it is next to impossible to prevent 
workmen from walking over steel already in place. The plumbers, steam- 
fitters, electricians and ventilating people must place their sleeves, 
inserts, conduits, etc.; runways for buggies must be laid. If an electrician 
gets his sleeves in first where a reinforcing bar should go the chances 
are that the bar will be placed lower than it should be; if he doesn’t, the 
chances are that he will force the reinforcing bar out of his way. Pen- 
alties should apply. Displacement of steel by walking over it should be 
guarded against by providing chair bars and chairs often enough and sub- 
stantial enough to keep the steel in place even when a 200 pound man 
carrying a 100 pound load steps on it anywhere with impact (he will, 
you know), or else the job should be gone over again carefully just before 
concreting begins, which means that the inspector definitely must be 
clothed with power, backed up with penalties, to forbid or stop concreting. 

On one recent job I had the stirrups come shopwelded into one unit 
for each end of the beam. I liked that-—no chance for displacement. 
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Concrete curing procedures are often hard to enforce. The poured 
deck is so handy for carrying on preparations for extension of the pour 
and for storing the required materials, that men are constantly walking 
over it, and they object to getting their feet wet! 

Definite penalties should be provided for failure to keep the concrete 
wet after initial hardening. 

Cylinders molded on the job but cured in the laboratory are only 
indicative of what it is possible to get if job curing were perfect. How 
good is the concrete in the job? So I like my cylinders stored on the job 
under conditions which, as nearly as possible, approximate the condition 
of the concrete in the job. I like to go farther, I like to select a 12-in. 
wide beam form, with no concentration in midspan, and set here, hori- 
zontally, a fibre test cylinder mold so cut (Fig. 1) that it can be filled and 
then closed on top. When the forms are stripped this will be compara- 
tively easy to remove and it is truly representative of the job concrete. 


Fiber 








There are two good reasons for demanding that the report show test 
cylinder weights before testing, to the nearest 14 oz.: (1) if there is honey- 
comb in the interior, it will definitely show up in the weight, provided 
the cylinder is of required size; (2) the weight of concrete per cubic foot 
is a direct indication of the amount of mixing water used in that concrete, 
and for any given mixing proportions of cement and aggregate a definite 
curve for the relationship between the weight of the test cylinder and the 
quantity of mixing water used can be drawn. Incidentally it is, of course, 
a straight line as a little thought will show. 

This is reliable only when both the weight and the volume of the test 
cylinder are known to close enough limits so that the weight of the 
concrete per cu. ft. can be calculated to the nearest 44 lb. To illustrate: 

Assume a mix of 6 bags cement, 1550 Ib. of sand, 1830 lb. gravel and water to be 
varied for purposes of illustration. Assume sand and gravel to be measured by weight 
damp and loose and that the sand contains 62 lb. of water (4.1 per cent) and the gravel 
25 Ib. of water (1.35 per cent) also that specifie gravity of sand and gravel is 2.64 or 


density 165 lb. per cu. ft. Then for 6 gal. of water per bag of cement: 
sand 1550 — 52 1488 Ib. 9.03 cu. ft. 
gravel 1830 25 1805 Ib. 10.96 eu. ft. 
cement 6 bags at 94 Ib. 564 Ib. 2.94 cu. ft. 
water 36 gal. 300.6 Ib. 4.81 cu. ft. 
Totals for batch $157.6 Ib. 27.74 = cu. ft. 
, 4157.6 
Wt. of concrete 149.8 lb. per cu. ft. 


27.74 
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Volume of 6-in. diam. cylinder 12 in. high = 0.1965 cu. ft. 








Wt. of cylinder: = 149.8 + 0.1965 = 29.45 lb. 
With 8 gal. of water per bag of cement: 

sand 1550 — 62 = 1488 lb. = 9.03 cu. ft. 

gravel 1830 — 25 = 1805 lb. = 10.96 cu. ft. 

cement 6 bags at 94 lb. = 564 Ib. = 2.94 cu. ft. 

water 48 gal. = 400.8 1b. = 6.42 _ cu. ft. 

Total for batch = 4257.8 lb. = 29.35 cu. ft. 
4257.8 

Wt. of concrete i —= 145.1 lb. per cu. ft. 
29.35 

Wt. of test cylinder = 0.1965 + 145.1 = 28.55 lbs. 


It is obvious that if material of a smaller specific gravity is added to a 
mixture of materials having higher specific gravity, the overall density 
of the resulting mix will be lowered in direct proportion to the amount of 
lighter material added hence, a straight line relationship between weight 
of cylinder and water content. Test cylinders for purpose of checking 
water content only may be molded and weighed as soon as set up enough 
to remove mold. Of course they should be accurately molded or else 
weighed in water also to determine actual volume. For the case illus- 
trated the relationship is as shown in Fig. 2. 


295, 






Fig. 2 


Weight of 
Cylinder 


FS 
Water per Batch-Gallors 


50 


The point may be made that there is no way to tell which part of the 
deficiency is due to excess water and which is due to hidden honeycomb. 
The answer is, of course, to be careful in making the cylinders, to rod 
them properly; then no concealed honeycomb need be feared, and 
observable honeycomb or faulty volume can be corrected by weighing 
the cylinder in water also. 


In conclusion, since we seem to have the means to arrange contracts 
and specifications so that contractors do not profit by poor work, we 
should use those means and take full advantage of it in design. A little 
owner-education along these lines would, of course, be a great help. 


Discussion of this paper should reach the ACI Secretary in triplicate 
by Mar. 1, 1942, for publication in the JOURNAL for June, 1942 
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Proposed 
Recommended Practice for use of Metal Supports 
for Reinforcement* 


Reported by ACI Committee 319 (formerly 507) 
WILLIAM F. ZABRISKIE 


Chairman 


CARL S. BARRY MARTIN STELJES 
D. H. BITNEY W. E. WHITE 


1. General * 

All reinforcing steel shall be accurately located in the forms and held 
firmly in place before and during the placing of concrete, by means of 
metallic supports, spacer bars or wires. 

2. Supports 

Bar supports shall be sufficiently strong and stable to sustain con- 
struction loads without permanent distortion or displacement. (see 
“Types of Devices’) These shall be designed to permit full embedment 
in the concrete without the formation of voids and with a minimum 
exposure of metal on. finished surfaces. They shall, in combination 
with tie wires or clips, provide positive means for establishing and 
maintaining operative association with the reinforcing steel. 

3. Number and location of supports 

Minimum requirements for number and location of supports and 
spacers under various usual conditions shall be as set forth in Tables 
1 to 4. 

4. Responsibility 

The number, type, and location of supporting and spacing devices 
shall be clearly indicated on the drawings which show placing of reinforce- 
ment. 

It shall be the responsibility of the seller of such devices to furnish the 
quantities, types, and capacities as indicated on the drawings, with the 
necessary identification marks. 

It shall be the responsibility of the builder to install all of such devices, 
and to maintain them accurately in place until the concrete is placed. 


*Released by the Standards Committee for convention consideration on a proposed motion for adoption 
as an ACI Standard. 
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Any and all disturbances of reinforcement from any cause whatsoever 
shall be fully corrected prior to the placing of concrete, and all damaged 
bar supports and spacers shall be repaired, or removed and replaced by 
the builder. 


TABLE 1.—ONE-WAY SLAB CONSTRUCTION 


| 
| High Chairs and 54" Support 
| Rows of Slabs | Bars in Slabs 4” and Thicker* 

Span | Bar Spacers |———— : —~- 

for Panel Support Bars High Chairs 


0’ to 6’ Steel Continuous 

0’ to 14’ Steel Not Continuous 
14’ to 20’ Steel Not Continuous 
20’ to 26’ Steel Not Continuous 


1 Row at Beam | 4’-0 o.c. 
2 Rows at Beam 4’-0 o.¢. 
2 Rows at Beam 4’-0 o.¢. 
2 Rows at Beam 4’-0 o.c. 


eo | 





*Continuous high chairs may be substituted for individual high chairs and support bars. 


Table 2.—ORDINARY BEAM AND JOIST CONSTRUCTION 


(Bars 1 in. square and smaller) 


Number of beam (joist) chairs 








Clear spans, beam | Single 
(or joist) | layer of | Two Layers | Three Layers 
bars = |——-——-——_—-—|—_- — 

Lower | Top | Lower | Middle | Top 
Over 0 ft. to 14 ft....... 2 2 2 2 2 2 
Over 14 ft. to 23 ft.......| 3 3 2 = 2 2 
Over 23 ft. to 30 ft.......| 4 4 3 ee 3 2 
MOUTG cnc seccesee|  €*) (*) *) ) [*) ig 


~ ‘*See Table 3. 


TABLE 3.—HEAVY BEAM AND GIRDER CONSTRUCTION 


(Beams or girders with large number of 1%- or 114-inch bars) 


Number of beam chairs 





Clear Spans Single | Two Three 
layer of Layers Layers 
Bars 
Lower Top Lower | Middle Top 

Over Oft.to14ft.......| 2 3 io eee 2 2 
Over 14 ft. to 23 ft....... 3 5 2 6 2 2 
Over 23 ft. to 30 ft....... 4 6 3 t 3 2 
Over 30 ft. to 40 ft...... 6 7 4 8 4 3 
Over 40 ft. to 50 ft.. 7 8 4 9 5 1 


Spacing of beam chairs in 
spans other than above: 
CS eee ae } &e 10’0" 5'0” 8’0”" 10’0” 
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TABLE 4.—FLAT SLABS 





(Two and four way flat slabs—See Fig. 1 and 2) 


Supporting Spacers 


Column | Middle 
Spans Strip or | Strip or 
(center to center of Direct |Diagonal 
Columns ) Band Band 
Bottom 
Layer 
Over 0 ft. to 18 ft. 3 2 
Over 18 ft. to 26 ft... 3 3 
Over 26 ft. to 36 ft. 4 4 


Around interior columns 
Around exterior columns 
Around corner columns 
In interior panels 

In exterior panels 

In corner panels 


*Continuous high chairs may be substituted for indivi 


Vi 


High Chairs and 54” Support 
Bars under Ends of Bent Bars* 


Support for 


Support for Nega- 
Column Head 


tive Reinforcement, 


Reinforcement Middle Strip 
Support High | Support High 
Bars Chairs Bars Chairs 
2 8 
2 5 
2 4 , 
4 12 
5 15 
6 18 


dual high chairs and support bars. 


In roof slabs use one 











ines ane, eareinantane Fi] (1) more supporting 
| a “>> *7 spacer under column 
| strips, or diagonal 
him tte + | bands, and bottom lay- 
: / s ers of middle strips or 
. ol * | a diagonal bands, and one 
“taee ee $ ob (1) more 5¢in. support 
S bar at interior column 
+ ——_—+—4| , heads, than the number 
Ni hown in Table 3 
eo e N) snHown mn abie oo, 
——— Supporting Spacer 8 a 
—#Bar on High Chairs | * - | + 0} 
Hah Chas " 
Vigh Chair's eee ee Loy ' Fig. 1—Two-way 
Liters ties | bigs isi, system 
LATCTVO: hol A LZ4A0 rk 
is Ww ee 
' ee ae 27 
a - + aI { te * 4 
|_| 
re iy Sta I 
= ! + 
I*« a «| ' 1" “ a 
fen i eof < Be *. 
ee . 
/ .. of. Yt Fig. 2—Four-way 
ee a ee of tied system 
| P * P ‘ 
oe > _* ‘| t * * 
* at “+? “~* ~~ 1 








rary 
Exterior Mol 


24-0" 
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TYPES OF DEVICES 
Since various satisfactory types of supporting devices are on the 
market, this report makes no attempt to specify exact details and sizes. 
However, the following indicates the Committee’s opinion as to a speci- 
fication covering the most common types, which should produce devices 
meeting the requirements of paragraph 2, “Supports.” 


For supporting devices for slab steel in which the spanning member 
is a round section, either of cold drawn wire or of hot rolled steel having 
a yield point not less than 45,000 psi., the spacing of legs shall not exceed 
the following: 


For continuous high chairs s = 400 d 
For continuous slab spacers, where the spanning member is_ not 
over 1% in. above the forms s = 550 d* 
in which 
s — spacing of legs in inches 
d — diameter of round wire or rod in inches 
The above rules shall apply to spacers having legs at a spacing not to 
exceed 30 in. 
Supporting legs for continuous high chairs shall be so formed that the 
effective width of the support where it rests on the form shall not be less 
than 34 of the height from the form to the top of the spanning member. 


Supporting legs for continuous slab spacers shall be so formed that 
the effective width of the support, where it rests on the form, shall not 
be less than two times the height from the form to the top of the spanning 
member. 

Legs of continuous high chairs made of wire or round rods shall be of 
such size that the ratio of height to radius of gyration shall not exceed 
120 in the case of wires having a diameter less than 44 in. or in case of 
all chairs which are supported upon metal forms. 

In the case of continuous high chairs which are supported upon wood 
forms and in which the material of the legs is of a diameter of 14 in. or 
larger the ratio of height to radius of gyration shall not exceed 156. 


This report will be open for discussion at the 38th Annual Conven- 
tion on a proposed motion by the Committee for the adoption of 
the report as an ACI Standard. Should the motion prevail by a 
majority vote of members present the report will be submitted by 
reference to letter ballot of ACI membership. ‘‘An amendment to 
the genre Standard presented on the floor of the convention 
shall be sustained only when approved by nine-tenths of members 


voting.” All discussion intended to influence convention action 
should therefore be available to the ACI Secretary in triplicate 
by Feb. 1, 1942 unless it is to have convention presentation by its 
author. Discussion is scheduled for publication in the JOURNAL 
for June 1942. 
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Machine Methods for Trimming Subgrade and Placing 
Concrete Canal Lining* 


By O. G. BODEN? 


SYNOPSIS 


The Bureau of Reclamation applied special machine methods to 
trimming subgrade ei:d placing concrete lining on the Contra Costa 
Canal of the Central Valley Project. The subgrade trimming machine 
and the machine which placed, formed and vibrated the concrete, 
spanned the canal and rode on accurately placed rails. The results are 
satisfactory in maintaining accurate alignment and grade. 


On the Contra Costa Canal of the Central Valley Project, which is 
under construction in California by the Bureau of Reclamation, machine 
methods used for trimming the subgrade and for placing concrete canal 
lining have led to precise alignment and grade. The cuts are excavated 
and the embankments made to the level of the berm at the top of 
lining with caterpillar tractors and carryall scrapers to within reason- 
ably close limits. The fills are wet down to near optimum moisture by 
sprinkling and are compacted with a sheepsfoot roller or a pneumatic 
pavement breaker equipped with a tamping foot. The section is then 
leveled at berm elevation with a blade grader or carryall scraper to 
facilitate succeeding work. 


Next, a survey party sets berm stakes offset three feet outside the line 
of the finished concrete lining on both sides of the canal. These berm 
stakes are set two-tenths of a foot below berm grade at 50-ft. intervals 
on the tangents and at 15-ft. centerline intervals around curves, to a 
tolerance of 0.005 of a foot. Rough excavation of the canal prism is 
made by dragline, and a template slightly smaller than the finished 
section is used as a guide by the dragline operator to permit working to 
close limits. 





*Reviewed by the Institute Jan. 29, 1941. : 
tConstruction Engineer, Bureau of Reclamation. 
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Fig. 1 


A track consisting of a 50-lb. rail, supported by 12 x 20 x 2-in. ties at 
4-ft. intervals, is laid on each side of the canal to an accurate line but with 
small variations in grade. The rails for the curves are bent on the job 
with a rail bender. Considerable care is taken in the alignment of the 
rails as they are used by both the subgrade trimming and the concrete 
canal lining machines. 

The canal subgrade trimming machine consists of a triple steel truss 
which spans the canal and conforms to its size and shape (Fig. 1). It is 
supported at each end by two jacks resting on a two-wheeled truck whose 
wheels are double flanged and travel on the rails. A system of chain 
bucket excavators, elevators and belt conveyors trims the subgrade and 
delivers the trimmed material to the lower side of the canal. The trim- 
ming buckets are kept in line by guides designed to make the finished 
section conform to the theoretical subgrade surface. 

Following subgrade trimming and placing of reinforcing steel, the 
concrete is placed, formed and vibrated in position by a double steel 
truss slipform canal lining machine which spans the canal and conforms 
to the size and shape of the finished section (Fig. 2). [t is supported on 
the rails in a manner similar to the trimming machine and is fitted with 
jacks to provide adjustments in elevation. A weighted steel plate slip- 
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Fig. 2 


form is towed behind the lining machine at a distance of from 15 to 50 ft. 
to iron out minor waves that occur in the concrete on the side slopes of 
the canal. This slipform leaves the concrete ready for troweling. In 
operation, the leading edge of the lining machine is carried ¥% in. higher 
than the trailing edge to aid in consolidating the concrete. It has been 
found that any greater pitch has a tendency to float the 12-ton machine 
off the rails. 

The proper grade for the trimming machine is obtained by using steel 
wire stretched on both sides of the canal between steel stakes and sup- 
ported at intermediate points at a fixed height above grade. Control 
points on the four corners of the trimming machine are aligned with the 
wires, and adjustments to keep the machine on grade are made with the 
jacks previously mentioned. Frequent checking of the grade is necessary 
as the weight of the trimming machine (20 tons) is sufficient to slightly 
depress the track on soft ground, <A spirit level fixed to the frame of 
the trimming machine aids in maintaining the machine level at all times. 
The elevation of the trimme! subgrade is checked with an engineer’s 
level at frequent intervals along the canal as a further control. The 
trimming machine is kept on line by adequate staking of the track ties 


to prevent lateral movement. The weight of the trimming machine has 
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a tendency to settle and stabilize the track in place and so prevent further 
movement of the track by the canal lining machine which follows. The 
elevation of the stabilized track is obtained at 121%-ft. intervals and a 
record is kept of the deviations from true grade. The concrete canal 
lining machine is maintained on grade by reference to the previously 
recorded track deviations and necessary adjustments made by the jacks 
on the machine. Elevations are taken on the invert of the concrete 
canal lining immediately behind the lining machine at frequent intervals 
as a further check. Control of the alignment of the canal lining is main- 
tained by the securely fastened rails and the only deviation likely to 
occur is a lateral movement, of approximately 3% in., of the flanged wheels 
on the rails. 

Forward movement of both the trimming and lining machines is 
provided by two power winches mounted on each machine which wind 
up cables attached to deadmen set on both sides of the canal. Control 
of the movement around the curves is obtained by careful manipulation 
of these winches. Special care is taken to keep the wheel flange play 
of the lining machine in the same direction as that of the trimming 
machine so that the lateral deviation of the machines will be in the same 
direction. 

The Contra Costa Canal is being constructed by contract and the 
Bureau of Reclamation forces set the lines and grades for the canal and 
inspect and check the completed work. The canal will be 46 miles long 
from the headworks at Rock Slough near Knightsen to a terminal reser- 
voir near Martinez. It has an initial capacity of 350 second-feet and will 
convey fresh water from the Sacramento-San Joaquin delta to serve agri- 
culture, industry, and a number of municipalities along the south shore 
of Suisun Bay. 


Discussion of this paper should reach the ACI Secretary in triplicate 
by Mar. 1, 1942, for publication in the JOURNAL for June, 1942 
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Job Problems and Practice 


WHAT JPP MEANS 


an informal clearing house for mutual help on concrete problems; 
an opportunity for the ACI member who knows to tell the ACI 
member who needs the information. If the subject matter holds proba- 
bilities of general interest it will be briefed in these pages——with author- 
ship credit unless the contributor prefers not. 

If you know of an interesting problem whose solution has smoothed 
the way of someone in the field, record it briefly. If you have a problem, 
present it; a question, ask it. If you are moved to helpful comment or 
constructive criticism write the Secretary. 

The “answers” are those of individuals to whom the questions are 
referred and not of the ACI. 


A Comparison of Reinforced Concrete Tied Column Formulas (38-77) 


By C. A. WILLSON* 


Recommendations governing the design of reinforced concrete columns 
have undergone radical changes since 1937. This is particularly true 
of tied columns which now are permitted to carry much higher lowds 
than formerly. In several instances these changes are sufficiently 
important to allow the use of tied columns where only spiral columns 
could be used under older specifications. 

Certain increases in allowable safe load are due to changes in formula 
and others are due to specific provisions for the use of steels of high yield 
point, 

The 1928 ACT Code has been chosen as representative of good practice 
of that period and several of the newer tied column recommendations 
are compared with it in the following tables and diagrams. 

Graphs A and © are the same in Fig. 1 and 2 because f, nf.. Since 
this steel stress is relatively low there would seem to be no objection 
to the use of a low yield point steel such as structural grade. This 
factor should be taken into account when making comparisons, 


a 


*Structural Engineer, State Architect's Office, Madison, Wisconain 
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cso = a 


Symbol Code 
A 1928 ACI 
B 1937 Chicago 
C 1939 New York 
D 1940 Joint Commit- 


tee and 1941 ACI 





TABLE 2.—GRADES OF STEEL AND UNIT STRESSES USED 








Symbol Code 
A 1928 ACI 
B 1937 Chicago 
Cc 1939 New York 
D 1940 Joint Commit- 


tee and 1941 ACI 
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/ 


P 
Values of 
A 
0.225f’e [1 + (n—1)po] 
0.20/'¢ 7 0.90 fs Po 
0.25f’e (1 + npo) 


0.18f’- + O.80fs po 


Grade of Steel 
Not specified 
Intermediate grade and 


rail steel 
Not specified 


Intermediate grade 





Fercentage of vertical Sree 





November 1941 


TABLE 1.—DESIGN FORMULAS AND LIMITS OF VERTICAL STEEL 


Limits of py 


0.005 to 0.02 
0.01 to 0.04 
0.005 to 0.04 


0.01 to 0.04 


IN FIG. 1 


Unit Stress 
_ : 
15,000 
nfe 


16,000 
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C FS «€ 2. #2 


Percentage of bertica/ Sfee/ 
Fig. 1 (above) and 2 (below) 
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Graphs B in Fig. 1 representing intermediate grade and rail steel 
are nearly the same as Graphs D in Fig. 2 representing hard grade and 
rail steel. Many other interesting comparisons are possible. 


TABLE 3.—GRADES OF STEEL AND UNIT STRESSES USED IN FIG. 2 


Symbol Code Grade of Steel Unit Stress 
A 1928 ACI Not specified — nf. - 
B 1937 Chicago Hard grade 18,000 
C 1939 New York Not specified nf 
D 1941 Joint Commit- Rail and Hard Grade 20,000 


tee and 1941 ACI 


Aluminum Powder to Increase Bond of Concrete to Reinforcing Steel (38-78) 


Q-—Do small additions of aluminum powder increase bond in reinforced 
concrete? 


BY F. R. McMILLAN* 


A-—We made a good many tests in our laboratory studying the in- 
fluence of various factors on the bond between concrete and steel. In 
these studies we found that the bond resistance developed by horizontal 
reinforcing bars held rigidly in pull-out specimens in positions corres- 
ponding to those of the upper bars in deep beams decreased rapidly as 
the depth of the concrete under the bar increased. This decrease in bond 
has been shown to be mainly due to differences in the amount of settle- 
ment of the concrete under the bars, 


We tried a good many ways to overcome this difficulty and one of the 
most effective methods was to add a very small amount of powdered 
aluminum to the conerete. The reaction of the aluminum with the 
cement releases a gas which produces a slight swelling in volume sufficient 
to overcome the normal settlement of the concrete under the fixed bars. 


By this simple device we were able to develop practically the same 
bond resistance in the upper bars with as much as 33 in. of concrete 
under the bar as in corresponding lower bars with only two inches of 
concrete under the bar. Similar tests on beams have demonstrated the 
same low bond resistance of the upper bars without aluminum but the 
same marked improvement with aluminum additions as the pull-out test 
specimens. 


*The question asked of and answered by F. R. MeMillan, Director Research Laboratory Portland Cement 
Assn., Chicago, at the “Quiz Session” of the Institute’s 37th Annual Convention, Washington, D. C.. 
Feb. 18-20, 1941. ‘See also companion question as to effect of aluminum powder on durability of concrete 
answered by Professor Carlson 
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It should be pointed out in this connection that the use of aluminum 
powder increases the porosity of the cement paste and in plastic mixes 
decreases the compressive strength, this decrease being from 15 to 18 
percent for quantities of powder normally required to offset settlement 
and to attain the improvement in bond resistance cited. 


Effect of Aluminum Powder on Durability of Concrete (38-79) 


Q-Is the durability of concrete impaired by small additions of alumi- 
num powder? 

BY ROY W. CARLSON* 

A—tThe effect of small additions of aluminum powder on the dura- 
bility of concrete is a subject that is now being investigated. According 
to the results of a few tests from two different laboratories, the aluminum 
powder did not decrease durability, but actually increased it slightly. 
In general, the tests paralleled those which Mr. MeMillan mentioned} 
where bond to reinforcing steel was studied. In most cases, seven 
thousandths of one per cent of fine aluminum powder was added, by 
weight of cement. The durability tests consisted of alternate freezing 
and thawing of specimens of concrete until substantial length change or 
loss in strength developed. The improvement in durability due to the 
addition of aluminum powder was not large but there was some improve- 
ment. 


Time !nterval Between Successive Coats of Stucco (38-80) 


Q-—What time should elapse between the placing of successive coats 

of stucco? 
BY W. G. KAISERt 

A—Specifications usually require that not less than 24 hours shall 
elapse between the application of the seratch (first) and the brown 
(second) coats provided the first coat has set firm and hard; otherwise a 
longer time is recommended. It is considered good practice to apply 
the finish coat not sooner than seven days after the preceding coat. 
An even longer period is desirable to make sure that the base coats have 
fully hardened and will not undergo further volume change. Any crazing 
which is likely to occur in the base coats should show up in seven days of 
hardening. Such crazing ordinarily can be effectively sealed with the 
finish coat. 





*Associate Professor of Civil Engineering, Mass. Institute of Technology—one of the Poard of Experts 
at the ‘Quiz Session" of the 1941 Convention 

tSee elsewhere these pages another ‘Quiz Session’’ question and answer 

Manager Cement Products Bureau, Portland Cement Association, Chicago 
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Current Reviews 


of Significant Contributions in Foreign and Domestic Publications, 
prepared by the Institute's Reviewers 


Progress in cement research 1940 

C. R. PLarzMann, Zement, Vol. 30, Nos. 21, 22, 23, May 22, 29, June 5, 1941, pp. 273-275, 285-288, 297-301 
Reviewed by L. T. BRowNMILLER 

This article contains a review and a brief summary of the more important publications 


of the year on cement and cement manufacture. 


Grand Coulee Dam nears completion 

Engineering News-Record, Vol. 127, No. 11 (Sept. 11, 1941) pp. 91-92 Reviewed by 8. J. CHAMBERLIN 
By March 1942, 11,000,000 cu. yd. of concrete will have been placed. The five slots 
in higher portions of the dam, left open to take up “twist,” are being filled with con- 
crete in 50-ft. lifts to within 100 ft. of the reservoir surface. The 11-span concrete-arch 
highway bridge across the spillway is under construction, 


Seawall and waterfront development completed at Corpus Christi 
Engineering News-Record, Vol. 127, No. 11 (Sept. 11, 1941), pp. 72-74 Reviewed by 8S. J. CHAMBERLIN 
The development includes about 12,000 ft. of reinforced concrete seawall. The stepped 
seawall is supported on timber piles and protected by steel sheet piling. Reinforcing 
for the supporting beams wis assembled onan traveler and lowered into place. \ covered 


traveler for the concreting operations provided protection against showers and sun, 


Concrete core wall at Merriman Dam 

Engineering News-Record, Vol. 127, No. 13 (Sept. 25, 1941) pp. 64-68 Reviewed by 8. J. CHAMBERLIN 
The cutoff wall consists mainly of twenty large concrete caissons sunk to rock with 

the nominal 18-in. spaces between caissons concreted solid after cleaning. Above the 

steel cutting edge, wood forms were used for the 14-ft. high working chamber, but above 

that steel forms were used inside and out. Concrete was distributed by pumping from 

a centrally located mixer plant. 


Pneumatically placed concrete for walls of industrial plants 
J Q \. Greene, Engineering Ne Record, Vol. 127, No. 13 Sept. 25, 1941) pp. 73-74 
Reviewed by 8. J. CHAMBERLIN 


Walls between columns may be inexpensively and quickly constructed of shotcrete. 
Steel members at openings should be designed to allow sash to be bolted or welded into 
place. Reinforcing steel consists of mesh attached to pencil rods stiffened with angles. 
The light plywood back forms (reusable) leave a satisfactory interior on the usual 2-in, 
walls. 
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First concrete paving 50 years old 
Tracy Barruotomew, Engineering News-Record, Vol, 127, No. 9 (Aug. 28, 1941) pp. 57-59 
Reviewed by 8S. J. CHAMBERLIN 


After 50 years of service at Bellefontaine, Ohio, the pavement, which was laid in 5- 
and 6-ft. square blocks, shows its principal wear along the longitudinal joints where 
the steel tires of the horse-and-buggy days produced excessive abrasion. The trans- 
verse joints are sharp and in good condition. While placing the concrete the blocks 
were separated by tar paper and were not keyed. The production of the cement and 
the construction of the pavement are reviewed. 


Sliding form used to construct walls of 77-ft. pit 
Engineering News-Record, Vol. 127, No. 7, (Aug. 14, 1941) pp. 78-79 Reviewed by 8S. J. CHamper.in 
An inside sliding form 4 ft. high was used to line the pit excavated in shale rock. The 
pit was open on one side for the entire depth and above the 36-ft. level was open on two 
sides. Upward movement was accomplished by nine hand-operated screw jacks working 
on a I-in. steel rod which was embedded in the concrete as work advanced. A platform 
above the form aided in setting steel, and two successive platforms below provided 
working room for the finishers. Concrete was dumped by bucket on the floor of the 
moving form and distributed by shovel. 


Factors in aerial bombardment protection 
Haroip FE. Wessman and Wm. A. Rose, Engineering News-Record, Vol. 127, No. 9, (Aug. 28, 1941) pp 
60-64. Reviewed by 8. J. CHAMBERLIN 


Designing buildings to resist bomb forces by the static-load method is unsatisfactory. 
With our present knowledge, designing for energy loads is equally unsatisfactory. 
Design should probably be based on observation and experimentation. Thick walls 
and floors to resist fragmentation, blast, and suction may provide shelter zones within 
the building. Pressure-time, pressure-distance and equivalent pressure-frequency 
curves from a British handbook are reproduced. 


Structural problems in bomb protection 
Hanoup FE. WessmMan and Wu. A Rose, Engineering Newx-Record, Vol. 127, No. 11, (Sept 11, 1941) pp 
75-78, Reviewed by S. J. CHaAmpentin 


In general, building construction should be designed (1) to minimize and localize 
the effects of direct hits, and (2) to resist the indirect effects of bombing. The latter 
governing in case of conflicting requirements. Wall-bearing construction offers little 
resistance to direct hits. Tables include recommended materials thicknesses against 
bomb fragments; fire-resistive ratings; thicknesses to resist blast and fragmentation; 
thicknesses for overhead protection; and debris loads. The design of bomb-resistance 
shelters is discussed. 


Sixteen stories of concrete—six of steed 
Engineering News-Record, Vol. 127, No. 13 (Sept. 25, 1941) pp. 57-60. Reviewed by 8. J. Cuampentin 
The concrete design, based on the original steel design, was complicated by irregular 
column spacing. <A successful design was obtained by using the rigid frame principle 
and controlled concrete with maximum column steel. Allowable live load reductions 
for upper stories was a factor. Irregular shaped cross-sections concealed in closets and 
partitions furnished the required area for columns. Loads from the setbacks were 
carried by a combination of steel and concrete construction, Above the 16th floor set- 


back the original steel design was utilized. Two floors were constructed per 35-hr. week. 
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Moments in continuous rectangular slabs on rigid supports 
L. C. Mauau and C, W. Pan, Proc. Am. Soc. C. E., Vol. 67, No. 5 (May 1941) p. 739-752. 
Reviewed by H. J. Gitxey 


Presents a method of analysis for rectangular slabs supported on four sides and 
continuous over the supports in which the entire panel is analyzed as a structural unit 
instead of using beam strips. Equations providing continuity between panels can be 
expressed in terms of the restraining moment at middle of each support. Use of sine 
distribution for edge moments simplifies solution and the results are more correct than 
those from use of the usual hypothetical beam strips. Equations can best be solved by 
successive approximations. Diagrams are provided for facilitating solutions. The 
method can be extended to cover various loading conditions by varying the constant 


terms in the equations. 


A swimming pool tank built in a lake 
Engineering News-Record, Vol. 127, No. 7 (Aug. 14, 1941) pp. 86-88 Reviewed by 8S. J. Cuamper.in 
In transforming the Aquacade of the New York World’s Fair site into a modern 
swimming pool, two 60 x 65-ft. steel tanks were used as the outside forms for the rein- 
forced-concrete bottom and side walls for the two diving areas. The bottom slab is 5! 
to 7 ft. below the lake level and is supported by old and new piles. The tanks are of 
fs-in. plate stiffened by rails. Skidded and held in exact position the tanks settled and 
came to rest as concrete was placed. Sloping inner-faces of the side walls required ho 
forms. Above the level of the tanks side walls could be built in the dry by ordinary 
methods. For the shallow portion the wooden form for the bottom slab was supported 
on wooden piles cut off 14 ft. below water line. A wooden box was fitted around each 
pile and the concrete poured flush with top of boxes and allowed to set before the slab 


was constructed. 


Crack prevention program—Hiwassee Dam 


O. Launcaanp, Proc. Am. Soc. C. E., Vol. 67, No. 3 (March 1941) p. 327-349 
Reviewed by H. J. Gitxey 


As the highest over-flow gravity dam (322 ft. from lowest foundation rock to road- 
way), this structure merited the special precautions adopted to prevent crack formation. 
The most distinctive construction feature was the coordinated program of precautions 
which attempted to apply to this one structure all of the means which have been dis- 
covered for limiting and controlling volume changes and the resultant cracking of the 
concrete, The special measures adopted were: (1) Use of low-heat cement; (2) low 
cement content; (3) thin casting lifts; (4) long exposure periods; (5) artificial cooling 
for mixing water; (6) washing, rinsing and cooling the aggregate; (7) artificial cooling 
of the concrete in place; (8) cleanup of horizontal joints between lifts; (9) use of steel 
reinforcement; (10) diagonal keyways on bulkhead joints; and (11) curing and winter 
protection. The interior of the dam was of leaner concrete than were the faces but 
transition was made gradual by planned overlapping. Special measures were adopted 
in the vicinity of projecting foundation rock to secure bond and to avoid cracking at 
such junctions, Maximum temperatures were lowered an estimated 31 deg.; cracking 
was almost eliminated, and the saving in cement more than offset the added expense 


ol the IMCuSUreCs employed. 


Forming details and practices for architectural concrete 


A.J. Boase, Engineering News-Record, Vol. 127, No. 7 (Aug. 14, 1941) pp. 92-94 
Reviewed by 8. J. CHAMBERLIN 


The condition of the forms at the time the cement sets determines the appearance of 


the completed job. Better workmanship and somewhat better materials are required 
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than for ordinary work. Tongued and grooved lumber, shiplap for sheathing and 4 x 4 
studs and horizontal 2 x 4’s at plywood joints are needed to prevent leakage. 2 x 6 
wales projecting beyond corners with vertical kick strips for wedging and having the 
sheathing in one direction run through the corner help to secure tight corner joints. 
At openings the ties should be inside the opening in order to draw the sheathing tight 
against the bucks. Studs should not be on more than 16-in. centers for l-in. sheathing 
or }4-in. plywood and not more than 12-in. centers for 5¢-in. plywood. Wales should 
be on not more than 24-in. centers with vertical wales placed outside the horizontal 
ones at about 8-ft. intervals. Allowance for swelling at openings by cutting the bucks 
34 in. short and then tacking a %4 x 2-in. strip across the end facilitates form removal. 
Construction joints should be provided at top of door and window openings so that the 
concrete can be placed to this level and left to harden. The construction joint must be 
a straight, level line. Curved wall forms require minimum stud spacing or horizontal 
ribs. 


Extensometer measurements, North Avenue bridge, Chicago, Ill. 
LAWRENCE T. Smiru and Pauw Litwarp, Proc. Am. Soc. C. E., Vol. 67, No. 5 (May 1941) p. 781-803 
Reviewed by H. J. Ginkey 


The design of this important skew two-hinged rigid frame reinforced concrete bridge 
carrying heavy Outer-Drive traffic over the also heavy LaSalle St. traffic in Lincoln 
Park, Chicago, involved a number of assumptions on which checks were desired. From 
tests of auxiliary compressive specimens the modular ratio between steel and concrete 
was taken as ten. Strains were measured at 28 strain gage stations built into the deck 
girders, tie slab and abutment legs of the center-line interior frame and the east fascia 
frame. A specially constructed 20-in. strain gage was used on plugs set in the concrete 
and on partially exposed bars. 

Loading studies included dead load conditions and four cases of live loading. Tem- 
perature effects were studied for about 4 months, the range of concrete temperatures 
being 78 F. to 16 F. for air temperatures of 96 F. to -15 F. The response to changes in 
air temperature was relatively quick. 

Following the removal of deck centering after 81 days, there was a 6-day period of 
structural readjustment. After structural equilibrium was reached there were move- 
ments from temperature changes of the air. There was very little effect from the pass- 
ive resistance of backfill or restraint of subpiers, A cut-bar technique was introduced 
to check strain measurement under dead load. After the strain observation was made, 
the bar was isolated from concrete adherence and cut outside the gage length, releasing 
the strain completely. The bar was later restored by welding at the cut. 

From the various live load tests it was concluded the structure functions as an elastic 
two-hinged tied frame and the observed stresses accord well with the indications of 
elastic theory. Appended to the paper is a list of 46 references, largely on strain gages 
and their use on structures, 


Influence of steel grade upon strength and deflections of reinforced concrete beams 
ki. Suenson-—53 pages, Ingeniorvidenskabelige Skrifter 1940 No, 3 Danish Engineers Society 
Reviewed by Benot Frinena 


The tests included six 814 x 8! in, concrete beams for 14-ft. 10-in. span reinforced 
with 2 bottom bars and 14-in. stirrups spaced 8-in, ¢ to ec. Three grades of steel for two 
beams each had yield points of 39,000 psi., 50,000 psi., and 55,000 psi., (the last being 
Isteg steel with yield point determined as stress for .4 per cent total elongation). The 
Modulus of Elasticity was for the three types of reinforcement 30.0, 29.5 and 20.5 million 
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psi. The reinforcing percentages were for the three steels 1.233, .978 and .933 per cent, 
respectively. 

Based on triangular stress distribution in the compression zone, failures corresponded 
to 114, 111 and 117 per cent, respectively, of the steel yield point. Based on rectangular 
stress distribution and compressive stress equal to the concrete cube strength, computed 
steel stresses at failure were: 102, 102 and 108, respectively, of the steel yield point 
(the slight variation for Isteg Steel is the result of the arbitrary establishment of the yield 
point stress for that steel). 

Careful measurements of crack widths and crack lengths were made. The first 
cracks, observed by means of a microscope, appeared at a fiber elongation of .01 per cent 
with almost no variations for the different reinforcing grades. Under magnifying glass, 
the cracks were visible first at about 30 per cent higher load. The erack development 
was not audible, but later crunching seemed associated with loss of bond between the 
concrete and steel near the cracks. The neutral axis is at or somewhat below the center 
of the beam up to the first crack, and thereafter remains somewhat above the position 
computed for triangular stress diagram, until near the ultimate when it moves con- 
siderably further toward the beam compression side. 


Deflection curves were carefully observed for the 14 point test loads and for a given 
beam may well be replaced by two straight lines corresponding to the cracked and 
a : P L 

uncracked beam sections. The conventional deflection increment formula K El 


could be used for both stages if the factor # X 7 was manipulated using for uncracked 
sections n 7.5; and for the cracked section n 15 in computing Moments of Inertia 
and for the modulus of elasticity E for the cracked section a value of .5 of the FE value 
for uncracked concrete, if rolled reinforcement is used, and .4 of the original value, if 
Isteg Steel is used. 

At a desired uniform factor of safety, the formulas for permissible loads are dependent 
not only upon the steel yield point but upon the concrete strength as well, when steels 
with varying strengths are used, because of the possible increase in moment arm with 


increasing concrete strength at loads near steel failures. 


The conclusion was that the sole advantage of high vield point steel lay in the weight 
saving of steel, requiring in each instance consideration of the proportion in price between 
weaker and stronger steels to reach maximum economy. As the crack width grows 
with the steel stress, the high yield point steels at higher working stress should be used 
primarily indoors where rusting ts precluded. 


Buildings damaged by air raids and notes relative to reconstruction 


Report of Science Committee, Oscar Faber, Chairman, Institution of Structural Engineers, London, 
(Copyright—-April 1941; liberally abstracted by special permission of 1. 8 
A.C. 1, Eprrorta, Ansrract 


From the foreword: “In the preparation of this Report the Committee has had 
before it the problem of presenting as much information as it can without giving away 
anything which would be likely to be useful to the enemy. For this reason it has been 
necessary to suppress any reference to the names or positions of individual buildings, the 
size and nature of the bomb which caused the destruction and any other references from 
which information of this character might be gleaned.” 

At the request of the Couneil of the Institution of Structural Engineers, the Science 
Committee prepared a report which embodies the experience collected by some of its 
members, and others, in dealing with the reconstruction and repair of buildings damaged 
by air raids. 
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Damage is so varied that it is rare to find any similarity between one case and another, 
and it is extremely difficult to lay down any general rules for the guidance of those who 
are asked to give technical assistance in the work of repair and reconstruction. 

Examination by a qualified engineer should be one of the first steps to be taken 
when a structure has been damaged, and this examination should be made previous to 
any demolition or repair, This course will frequently prevent further damage through 
demolition or repairs without an instructed knowledge of the forces to be dealt with. 


Impressed by the variety of problems the Committee has concluded that a report 
dealing with every aspect of the matter which an engineer would be called upon to 
consider in devising schemes for reconstruction and repair could not fall much short of a 
complete compendium of structural engineering in all its aspects. The following cases 
can be cited: 

(a) A steel column can be badly bent or otherwise damaged and a detailed knowledge 
of the strength of steel columns to carry direct loads combined with eccentric loadings 
will obviously be required. (b) A reinforced concrete beam may be badly cracked or 
broken, and clearly a detailed knowledge of reinforced concrete design and construction 
will be needed before useful and dependable advice can be given, 


(c) Foundations may be destroyed or badly undermined as the result of a bomb 
penetrating the ground for a considerable distance, disturbing the sub-soil under the 
foundations, both in the actual crater produced by the explosion and by the shock from 
the explosion, which is transmitted to the surrounding foundations, loosening the soil 
on which other foundations depend. 


This disturbance, being less obvious than the damage to the superstructure, is more 
likely to be overlooked. Much of the damage, attributed to blast is really due to over- 
turning, by upheaval of the ground below the foundations. Moreover, the most con- 
clusive evidence is often of a kind which is likely to be unintentionally destroyed, and 
this is another reason for calling in a qualified engineer before beginning demolition, 
clearing of the site, or repairs. 

Although every formation has its own peculiarities in this matter of ground disturb- 
ance the London clay and other clays point very clearly to its wide extent. The curious, 
almost cubical fracture displayed by the large lumps to be seen in the craters, suggest 
that this kind of fissure is by no means confined to the lumps that are actually ejected, 
but that the clay generally, over a wide area, is probably intersected by similar fissures 
with a varying degree of relative movement of the separated “blocks "of clay. One 
can imagine that near the point of explosion the condition is similar to that of a badly 
shaken brick wall, while further from it there is merely cleavage, without much move- 
ment. 

(d) Burst water mains may cause flooding and erosion of foundations and the soil 
may be loosened and rendered soft and unsuitable for foundations for a considerable 
distance from the original disturbance. 

(e) Excavations may be necessary for effecting the repairs to the services such as 
water mains, gas mains, electric mains, ete., and in excavating through the soil which 
has become unsuitable for foundations, difficult problems frequently arise in carrying 
out such work so as not to cause further disturbance to existing foundations in the 
immediate neighbourhood below the level of which the new excavations have to be 
taken. 


All these problems obviously involve a thorough knowledge of soil mechanics, the safe 
bearing pressures on different soils, the pressures on timbering, the precautions neces- 
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sary when timbering to prevent the soil, on which foundations may be resting, from 
yielding, and many other problems of a similar character. 

It is beyond the scope of this report to prepare a compendium of structural engineering 
which would be wide enough to deal with all these problems. 

As far as the structural aspect of reparations is concerned the primary requirement 
is that structural engineers with an all-round experience and wide knowledge of their 
subject should be employed. 

One important and difficult problem relates to reinforced concrete beams, in which 
the sudden shock of explosion has burst away the concrete cover from the reinforce- 
ments. In some cases a minute space shows between the main rods and the surrounding 
concrete, clearly indicating that the bond resistance or adhesion has been badly dam- 
aged. How much strength can still be credited to such a structure and what form of 
repair is to be undertaken become highly technical questions. 

In many cases the engineer must decide whether a damaged member may be removed 
for repair or replacement. Skilful use of strutting and timbering may become necessary 
to avoid the transfer of loads to other members which were not designed to receive them. 

The problem often involves a recalculation of the strength of the structure on the 
basis of its actual loads, which may differ considerably from its original design loads, 
and demands the acceptance as a temporary measure of stress values considerably 
higher than ordinary working stresses. 

Structures with a liberal factor of safety in their original design stand up much better 
than structures in which the original margin was reduced to a minimum, and are, as a 
rule, easier to deal with as they permit members to carry loads in excess of those for which 
they were originally designed, in a manner which is impossible where little or no margin 
existed. 

In the Institution of Structural Engineers’ A.R.P. Report, published in October, 1938, 
great stress was laid on the undoubted superiority against aerial attack of steel frame 
buildings and reinforced concrete frame buildings with concrete floors in comparison with 
the old-fashioned type of building. Experience has more than justified those recom- 
mendations, 

The behaviour of framed buildings, both steel and concrete, has proved to be very 
satisfactory and it is the opinion of the Committee that such structures have stood 
up to attack in the most remarkable manner and have shown great powers of resistance 
and resilience. They have withstood attacks from bombs of the heaviest calibre where 
buildings with brick walls and timber floors have collapsed utterly under the action of 
small bombs, 

A typical picture of an old-fashioned building after a direct hit from a small bomb is a 
mass of bricks and crushed timber forming a heap on the ground, whereas a typical 
picture of a steel frame building or a building of reinforced concrete subject to a direct 
hit is a building still standing, though with wall panels and partitions blown out and 
some of the main structural elements broken, bent or otherwise seriously damaged, but 
nevertheless the structure still standing and still giving protection to persons in the 
lower stories. 

From the experience of air raid damage up-to-date, it is clear that other things being 
equal, floors of solid concrete strengthened with filler joists or steel reinforcement stand 
up better and give more protection against bombing than floors in which lightness has 
been obtained by the use of hollow tiles or otherwise 


Evidence shows that massive and heavy construction in walls, floors and roofs increases 


the resistance to blast, and protection given against penetration by shrapnel, splinters 
or falling debris. 
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For buildings of the future the Committee feels that framed buildings of steel or of 
reinforced concrete with reinforced concrete floors deserve to be adopted, even when 
no advantage in cost is apparent, owing to their resilience and resistance to all kinds of 
forces for which they were not primarily designed, but to which they may in the future 
become subject. 

The value of soundly jointed structures has become clear. 

Other things being equal, structures in which all the beams are properly connected 
to the columns in accordance with good modern practice are to be preferred to structures 
in which members are free to act as independent units. 

In the latter case, if a member is severed by a direct hit or otherwise, it may fall and 
take with it any construction which it supports, such as floor slabs, partitions and the 
like. 

In the case of a connected or continuous structure, a member may be completely 
severed and yet, apart from the portion so severed, the ends may still continue approxi- 
mately in their original positions and carry load by cantilever action from their supports. 
This is particularly true in the case of the main beams in single storey factory con- 
struction and may avert the dire results of what may be termed “spreading collapse’’; 
that is, parts of a structure adjacent to the damaged or broken portion being dragged 
down by the collapse of the latter, the effect spreading over a considerable area. In the 
secondary members and truss connections of such structures, where continuity or 
rigidity is often impracticable, it has been shown that frequent systems of bracing are 
invaluable in localizing the effects of broken or collapsed members, and while parts of 
the surrounding structure left standing may thus be temporarily subjected to stresses 
greatly in excess of those normally adopted in design, the damage can quickly be repaired 
and the structure brought into a serviceable condition. This is largely due to the fact 
that, at the time of the failure of the primary memfer, the adjacent members may not 
he subjected to the full load for which they were designed, as no doubt allowance would 
have been made for wind, snow, crane loads, ete., all taken at their maximum value 
but which may be non- existent or partially existent at the time of the accident, 

It is frequently found that mild steel members such as beams and stanchions are often 
bent as the result of bombing and of subsequent fires. In the case of mild steel complying 
with B.S.S. 15, such steel members may normally be used again after straightening 
provided they have not been obviously burnt or oxidized to a degree whereby the original 
section of metal is seriously impaired, 
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INTRODUCTION 


The design of concrete mixes is the determination of the most economi- 
cal and practicable combination of available aggregates, cement, water, 
and, in some cases, admixture that will produce a mixture having the 
required degree of workability and which will develop required qualities 
on hardening. 


The most practical procedure for determining the final proportions 
of concrete for a given purpose is actual trial and adjustment on the 
job. The problem thus becomes a matter of selecting a trial mix for 
starting concrete operations that will require the least adjustment on 
the job. 


The design of trial concrete mixes can be most effectively accomplished 
by laboratory investigation of the concrete-making properties of the 
particular materials to be used. For important work, for unusual condi- 
tions or materials, or where flexural strength of the hardened concrete 
is a controlling factor, such laboratory tests are especially desirable. 

*The report, in ite present form was received by the Institute Dee, 8, 1041 after final ballot of Committee 
614 and release by Standards Committee as information and for discussion rhe result of the moat 
recent ballot in the originating committee, after successive revisions, was 13 members approved; one 


disapproved; one member did not vote 
tProfeasor Dunagan died Nov. 24, 1941 
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When it is impracticable to conduct laboratory concrete tests, trial 
mixes for starting concrete operations can be selected by the judicious 
application of known basic concepts and established empirical relation- 
ships. 


RECOMMENDED PROCEDURE FOR THE DESIGN OF CONCRETE MIXES 


1. Select the water-cement ratio from test data, experience, or estab- 
lished relationships, to meet the specified requirements for durability 
and strength (compression or flexure). 

2. Select the limits of slump that will permit proper handling and 
consolidation of the concrete under the job conditions involved. 

3. Determine the largest maximum size of available aggregate suitable 
for use under the job conditions involved. 

4. Estimate from test data, experience, or established relationships, 
the minimum percentage of sand that will provide the proper degree of 
workability. 

5. Estimate the amount of water per cubie yard of concrete that 
will be required to fulfill the conditions of 2, 3, and 4. 

6. Compute the trial-mix proportions that will satisfy the conditions 
established in steps 1 to 5. Make such adjustments in the trial mix on 
the job as may be necessary. 


LABORATORY TESTS 


Wherever practicable, the various relationships needed in the procedure 
for designing concrete mixes should be established by laboratory tests 
of concrete made with the materials to be used in the work. The extent 
of the laboratory investigations for any given job will depend on the 
size, importance, and service conditions of the structures involved. 
Therefore, no attempt is made in this report to discuss the details of 
laboratory test programs. The minimum laboratory determinations 
that will permit effective trial-mix design are tests of aggregates involv- 
ing determinations of grading, specific gravity, absorption, and total 
moisture content, 

Important factors which should be determined by tests of concrete 
mixes in the laboratory include: 

1. Relation between water-cement ratio and strength (compression 
or flexure), 

2. Variations in consistency (slump) and workability characteristics 
for various combinations of the ingredient materials, and 

3. Unit water content and cement requirement for various consist- 
encies and aggregate gradings. 
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In addition to supplying data for a more exact design of trial mixes, 
the laboratory tests provide useful information for adjusting concrete 
mixes in the field and for determining the relative costs of concrete 
made with different combinations of materials. 


SELECTION OF WATER-CEMENT RATIO 


The water-cement ratio should be selected on the basis of (a) the 
required durability, and (b) the strength specified. 

The maximum allowable water-cement ratio for the type of con- 
struction and exposure condition involved should be selected from 
Table 1. The water-cement ratio for the specified strength should be 
determined by laboratory tests. When it is not practicable to make 
such tests, the water-cement ratio required for the specified compressive 
strength may be taken directly from Table 2, which gives a series of 
conservative values derived from a large number of tests with typical 
materials. 


TABLE 2—COMPRESSIVE STRENGTH FOR VARIOUS WATER-CEMENT 














RATIOS* 
Net Water-Cement Ratio 
Probable Strength 
Gallons per Sack at 28 Days 
By Weight of Cement (Pounds per Square Inch) 
0.44 5 5,000 
0.49 5% 4.500 
0.53 6 4,000 
0.58 6% 3,600 
0.62 x 3,200 
0.67 7% 2,800 
0.71 8 2,500 
0.75 814 2,000 








*Adapted from Table 2 of the 1940 Joint Committee Report on Recommended Practice and Standard 
Specifications for Concrete and Reinforced Concrete. 


A corresponding table of values for flexural strength is not given 
because of the wider range in flexural strength which may be obtained 
with a given water-cement ratio for different materials. Where flexural 
strength is specified, the required water-cement ratio should be deter- 
mined by laboratory tests, as previously stated. 

The lower of the two water-cement ratios, (a) that required for dura- 
bility as shown in Table 1, or (b) that required for the specified strength 
as determined by test or from Table 2, should always be used. 


SELECTION OF LIMITING SLUMP AND MAXIMUM SIZE OF AGGREGATE 


It is advisable to use the lowest slump compatible with proper placing. 
Table 3 gives the limiting values recommended for various types of con- 
struction. 
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TABLE 3—RECOMMENDED SLUMPS FOR VARIOUS TYPES OF CONSTRUCTION * 


Slump in Inches** 




















Type of Construction Maximum | Minimum 
Reinforced foundation walls and footings.............. 5 2 
Plain footings, caissons, and substructure walls....... 4 | 
Slabs, beams, and reinforced walls............ sos 6 3 
Building columns............. sx ein ak anck Aa aes 6 3 
Pavements......... eaten ee ee Ran oe 3 2 
PAORTY TAAED COMBUTUCHION....... 2... ces cock eee wcsaen 3 1 


*Adapted from Table 4 of the 1940 Joint Committee Report on Recommended Practice and Standard 
Specifications for Concrete and Reinforced Concrete. ; 
**When high-frequency vibrators are used, the values given should be reduced about one-third. 


For economic and other reasons, the maximum size of aggregate 
should be as large as practicable and available but should not exceed 
two-thirds of the minimum clear distance between reinforcement. 
Recommended limits are given in Table 4. 


TABLE 4—MAXIMUM SIZE OF AGGREGATE RECOMMENDED FOR VARIOUS 
TYPES OF CONSTRUCTION 


Maximum Size of Aggregate*, in Inches, for: 











Minimum ——— — — 
Dimension Reinforced Lightly Rein- 
of Walls, Beams, Heavily forced or 

Section and Unreinforced Reinforced Unreinforced 
(Inches) Columns Walls Slabs Slabs 
24%- 5 l6- % 34 4-1 %-1% 
oa 4-114 114 1% 114-3 

12 -29 114-3 3 14-3 3 

30 or more 114-3 6 114-3 i 


*Based on square screen openings. 


ESTIMATING THE PERCENTAGE OF SAND AND UNIT WATER REQUIREMENT 


For a given set of materials and water-cement ratio, the unit water 
content (water required for a given volume of concrete) is the next most 
important basic factor affecting the quality of concrete. The optimum 
percentage of fine aggregate for a concrete mix is that quantity which will 
result in the lowest unit water content and also provide the required 
degree of workability, with an adequate margin of safety to prevent 
difficulties from variations in working conditions and materials. Ob- 
viously, for a given water-cement ratio, the mix requiring the lowest 
water content will also require the least amount of cement. 

The optimum percentage of fine aggregate can be determined to the 
best advantage on the job under actual working conditions. However, 
laboratory concrete tests with the materials to be used in the work 
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will provide information permitting a close approximation of the proper 
proportion. The Committee recognizes that there are many excellent 
methods for proportioning fine and coarse aggregate for trial concrete 
mixes. Where conditions or personal preference dictates, use may be 
made of any of the basically sound methods described in the current 
literature. 

It is recommended that the proportions for trial concrete mixes be 
determined on the basis of the estimated unit water requirements. Where 
laboratory tests cannot be made, table 5 may be employed. The values 
given in Table 5 are average values for aggregate gradings within accept- 
able limits and were derived from a composite of data, information, and 
experience from many sources. 


COMPUTATION AND ADJUSTMENT OF TRIAL MIX 


Assume that a trial concrete mix for starting field operations is required 
for a heavily reinforced retaining wall having a minimum thickness of 
eight inches. The wall will be subjected to severe climatic exposure 
and has been designed on the basis of a compressive strength at 28 days 
of 3,500 psi. The concrete is to be placed by vibration. 

Whenever possible, the water-cement ratio which will fulfill the require- 
ment for strength should be determined by laboratory tests on concrete 
made with the materials to be used in the work. However, for the 
purpose of this example it will be assumed that such tests are not practi- 
cal and that an average value must, therefore, be used. It will also be 
assumed that no trial batches are to be made in the laboratory and 
that the following information regarding the materials to be used in the 
work is available: 

Cement—Average brand, standard type. 

Specific gravity—3.15 (assumed). 
Fine aggregate—River sand, wet. 
Medium fineness and grading. 
Specific gravity—2.65 (saturated, surface dry). 
Free moisture content—5 per cent by weight. 
Coarse aggregate—Crushed stone, air-dry. 
Reasonably well graded, angular. 
Specific gravity—2.55 (saturated, surface dry). 
Absorption of water—Held to negligible value by sprinkl- 
ing before batching. 





From Table 1 it is found that a water-cement ratio of 0.53 is the maxi- 
mum which should be used for the type of structure and service condi- 
tions involved. From Table 2 it is found that a water-cement ratio of 
about 0.58 by weight will be required to provide the design strength 
of 3,500 psi. The value of 0.53, being the lower, is used. From Tables 
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3 and 4 it is concluded that a three-inch slump will be satisfactory and 
that 114-in. maximum aggregate can be used. 


From the information given in Table 5 it is estimated that the per- 
centage of sand for the trial mix should be 42 per cent, by absolute 
volume of the total aggregate, and that 305 lb. (36.5 gal.) of water will 
be required per cubic yard of concrete. (Actually the water content 
may be more or less than the estimated amount as determined by the 
amount of water required for a three-inch slump when a trial batch is 
mixed on the job.) 


Cement content = Net_water content 


water-cement ratio 


= oe = 575 |b. per cu. yd. 
awe 6.12 sacks per cu. yd. 
94 
inenaagg volume,\ _ Water content Cement content - 
water + cement 62.4 specific gravity X 62.4 
305 | 575 _ 


— — = 7.81 cu. ft. per cu. yd. of concrete. 
62.4 3.15 X 62.4 


“powea nein ion ( absolute caeeny | 
total aggregate water + cement 
27 - 7.81 = 19.19 cu. ft. per cu. yd. of concrete. 


Absolute “erg 


percent fine aggregate < ( 
fine aggregate 


absolute volume, 
total aggregate ) 

0.42 X 19.19 = 8.06 cu. ft. per cu. yd. of concrete. 
Absolute volume,\, _ (absolute volume,\ _ (absolute volume, 

i aggregate ) ome aggregate ) ‘pve aggregate ) 

19.19 - 8.06 = 11.13 cu. ft. per cubic yd. of concrete. 


ll 


= absolute volume X specific gravity « 62.4 


= 8.06 X 2.65 K 62.4 = 1,333 lb. per cu. yd. of concrete. 


Fine en 
content 


Coarse aggregate 


) = 11.13 & 2.55 XK 62.4 = 1,771 lb. per cu. yd. of concrete. 
content 


Trial-mix proportions = 575 , 1,333 , 1,771 
575 575 ~~ «575 
= Pie > Bae fF 


The equipment available for performing the work includes a three-sack batch mixer 
equipped with a water tank calibrated in gallons and also a water meter graduated in 
pounds, and batching scales for weighing the separated sizes of fine and coarse aggre- 
gate. 


Cement is to be batched on the basis of integral sacks and the batch will contain 
three sacks, or 3 X 94 = 282 lb. of cement, which is a fixed quantity. The batch weights 
of the fine and coarse aggregate for the trial mix will be: 

Fine aggregate = 1,333 282 654 lb, (net), to which must be added the weight 


of the free moisture in the sand = 654 + (0.05 & 654) = 687 lb. total. 
*Air voids assumed to be negligible. When the air content is appreciable, as when air entraining agents 
are used, a suitable allowance should be made considering the air as an additional ingredient. 
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282 


Coarse aggregate = 1,771 X P = 869 lb. 


A few batches of concrete are mixed on the job, and the average quantity of water 
per batch for the desired three-inch slump is found to be 13.1 gallons or 13.1 XK 8.34 = 
109 lb. 

The free water contained in the sand is: 

0.05 & 654 = 33 lb. 

The net water in the mix is: 

109 + 33 = 142 lb. 

The net water-cement ratio is: 

142 
282 

Since a water-cement ratio of 0.53 is desired (water content of 0.53 « 282 = 150 lb. 

for a three-sack batch), the mix requires less water than was estimated. 


= 0.50 by weight. ? 


The absolute volume of the field batch = volume of water + absolute volumes of 
cement + sand + coarse aggregate = 
142 654 869 


~ - = 13.13 cu. ft. 
62.4 3.15 X 62.4 2.65 X 62.4 2.55 X 62.4 


The correct unit water content is: 


9 
142 x 27 = 292 Ib. per cu. yd. 
13.13 


Using the corrected value for unit water content, as determined by the trial batches, 
the batch quantities for the adjusted mix having a water-cement ratio of 0.53, may be 
computed in the same manner as for the trial mix. This procedure should result in 
concrete having the desired three-inch slump because it is a recognized fact that for a 
given slump and aggregate gradings, substantially the same unit water content is re- 
quired for any water-cement ratio. 


The adjusted mix for 292 lb. of water per cu. yd. and a 0.53 water-cement ratio is: 

1:2.4:3.3. 

After the initial adjustment for water-cement ratio has been made 
and after stabilized operating conditions have been established, the 
optimum percentage of sand should be determined. This may be done 
by trial, noting the water requirement for each percentage of sand tried, 
until the lowest percentage compatible with proper workability, with a 
safe working margin, is established. The mix is then again adjusted 
to maintain the correct water-cement ratio. 

Rich mixes normally require less sand than lean mixes. After the 
optimum percentage of sand has been determined for a given mix, cement 
and sand may be interchanged by absolute volumes without affecting 
the water content or slump. For practical purposes a change in cement 
content of one sack per cubic yard of concrete will permit a change in 
sand percentage of about two per cent. 

Changes in consistency may be made by simply increasing or decreas- 
ing the amount of water to provide the desired slump, with appropri- 
ate adjustment to maintain the specified water-cement ratio. 

The job mix should not be adjusted for minor fluctuations in water- 
cement ratio. A variation of + 0.02 (by weight) to maintain a constant 
slump is considered normal. 
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Various shortcuts, simplified rules, and charts may be used for making 
adjustments in concrete mixes with sufficient accuracy for most prac- 
tical purposes. Since these shortcuts are dependent upon individual 
conditions and subject to wide personal preference, no attempt is made 
to describe them in this report. 


DISCUSSION 
By T. C. POWERS, GUY H. LARSON AND W. H. PRICE 


By MR. POWERS T 


I have been asked by the chairman to discuss why Committee 613 
selected the water-cement ratio as the basis for its recommended method 
of designing mixes. It is unlikely that among the members agreeing to 
this basis of design any two would give exactly the same reasons. There- 
fore, what is set forth below should be considered as the opinion of the 
writer, with which the other members of the committee concur in vary- 
ing degrees. 


The properties of concrete depend mainly on three factors: (1) The 
properties of the cement-water paste, (2) the properties of the aggregate, 
(3) the relative proportions of and the interaction between these two 
major constituents. Of these three (1) is by far the most important, 
for with (2) and (3) constant the quality of the concrete can be changed 
many fold, whereas with (1) constant only relatively small variations can 
be brought about by variations in (2) or (3) when using aggregates that 
meet standard specifications and produce workable mixes. 


The hardened cement-water paste, which is the binding medium in 
concrete, can be regarded as a distinct constituent—an entity that can 
be separated from other ingredients of the mix. The quality of this 
paste can be controlled at will by the selection of the kind and proportion 
of cement in the paste and by controlling the conditions under which 
the reactions of hardening take place. Because this binding medium in 
concrete is such a distinct, definable material and because its quality 
is the most important single factor influencing the quality of the con- 
crete, it is logical that the required quality of the paste should be speci- 
fied in terms as direct as possible. Specifying the characteristics of the 
cement and the maximum permissible water-cement ratio is the most 
direct step that can be taken in obtaining the desired quality in hardened 
cement-paste. 


Innumerable tests from both field and laboratory give ample proof 
of the importance of the water-cement ratio. The underlying cause of 


*These discussions, not » part of the Committee's report are published on the recormmendation of the 
chairman, Mr, Blanks, as background for subsequent more general discussion —Kprron 
tAssistant to the Director of Research, Portland Cement Association and member Committee 615. 
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this importance is not difficult to understand. The cementitious hydra- 
tion-products develop in the water-filled spaces between the original 
cement-grains. The cementing value of these hydration-products is 
controlled to a large extent by their density, or compactness, which in 
turn depends upon the amount of space which they must fill. The amount 
of space to be filled is fixed at the beginning by the water-cement ratio 
and therefore this ratio is by far the most important factor regulating 
the potential quality of the paste. This significant fact alone justifies 
any procedure that provides direct fixing of the composition of the 
paste as an alternative to the indirect control provided by procedures 
dealing primarily with cement-content, consistency, and aggregate- 
gradation. 


It is readily agreed that the selection of the paste does not alone meet 
all the requirements of a practical method of mix-design. Different 
results can be obtained from the same paste with different aggregates, 
and pastes made with different types of cement will have different 
properties. These important facts have been taken into account in the 
procedure recommended by the committee. The procedure is such that 
minimum requirements for the quality of the paste, and for the strength 
or any other property of the concrete as a whole, may be met by using 
information from test-results or by conservative estimates based on data 
given by the committee. Under some conditions it may be necessary to 
produce concrete having strength greater than the required minimum to 
provide a paste sufficiently strong and impermeable to withstand weather- 
ing. Under other conditions it may be necessary to use a stronger, denser 
paste than would otherwise be necessary, to produce the necessary com- 
pressive or flexural strength. In fact, many considerations may influence 
the selection of the water-cement ratio, but whatever the basis for 
selection of the water-cement ratio remains the factor around which the 
mix is designed. 


By MR. LARSON® 


Upon reading the first paragraph of the introduction to the “Recom- 
mended Practice for the Design of Concrete Mixes,” one gathers that 
the ‘Practice’? contemplates the consideration of all constituents as 
they affect the concrete before and after hardening. Upon reading 
farther one notes a certain emphasis on the advisability of making tests 
to determine the concrete-making properties of the particular materials 
at hand. But when we get into the actual design procedure, we find the 
water-cement ratio selected from a table of certain recommended values; 
no method or procedure for actually determining by test or investigation 
the water-cement ratio required by given materials to develop a desired 


*Wisconsin State Highway Commiasion and member Committee 613, 
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quality of hardened concrete is given; and the design procedure concerns 
itself with designing a workable combination of materials with no further 
concern expressed over the quality of the hardened concrete. Appar- 
ently the water-cement ratio is assumed to be the one factor controlling 
the quality, strength and durability, of the concrete. This is not a correct 
assumption, since different aggregates require different water-cement 
ratios to produce the same quality of concrete. 

It has been said that the paste is by far the most important factor 
in the concrete, and that changes in concrete possible with changes in 
paste (water-cement ratio) are many times greater than those possible 
with different aggregates, thus inferring that the aggregates are of minor 
importance. In this comparison no limit is placed on changes in water- 
cement ratio while aggregates are restricted to a certain minimum 
quality. If the water-cement ratio is confined to a range reasonable and 
economical for the work at hand, then many aggregates meeting standard 
specifications will be found which, when interchanged, will cause just as 
great changes in the concrete as will changes in water-cement ratio. 

It is agreed, however, that water-cement ratio is very important. And 
a table of conservative recommended values to use when it is unecon- 
omical or impracticable to make an investigation to determine the water- 
cement ratio required by given materials to produce concrete of desired 
quality should be included in the ““Recommended Practice.’”’ But values 
in such a table must, of course, contemplate about the poorest aggregates 
that are likely to be used, and even then are not absolute assurance of 
proper quality. On the other hand, if it is maintained they should 
never be exceeded regardless of quality of aggregate, it limits the one who 
would make a complete design of a mix, including determination of water- 
cement ratio. 

There are ample data and evidence to show that aggregates have a 
very important bearing and are one of the main factors affecting quality 
of the concrete. The writer, therefore, believes that a recommended 
practice for design should include a method or procedure for determining 
the water-cement ratio required by given materials to produce hardened 
concrete of the desired quality, as well as a procedure for obtaining : 
workable combination of materials. With the apparent inadequacy of 
the present methods for testing aggregates directly, and evaluating the 
test results in terms of concrete-making qualities, this means actual 
trial and tests of the concrete. 


By MR. PRICE* 


The nucleus of the mix-design procedure recommended by Committee 
613 is embodied in Table 5, which provides a simple and direct method 





*Engineer, Bureau of Reclamation, Denver. Not a member of Committee 613 but an active collaborator 
with his associates at the Bureau, Messrs. Blanks and Vidal, Chairman and Secretary of the Committee. 
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for arriving at the percentage of sand and corresponding unit water 
content for estimating the first ‘trial mix.’’ Because of possible extensive 
use of this simple table, the writer believed it desirable to compare the 
data with findings of various investigators. 


The curves plotted in Fig. A and B show that the values tabulated in 
Table «© of the committee report for sand of medium grading and rounded 
coarse aggregate are in substantial agreement with those recommended 
by others prominent in concrete mix design literature. There is some 
disagreement, however, regarding the difference between the percentage 
of sand for mixes made with fine sand and that for mixes in which a 
medium or coarse sand is used. For the same richness of mix, and within 
the limits of sand grading shown in Table 5, Dunagan “) recommends 
little or no change in the percentage of sand. Kelly™ and the concrete 
manual of the Bureau of Reclamation recommend about three per cent 
less fine sand and three per cent more coarse sand than the percentage of 
medium sand, whereas Jackson® recommends about two per cent for 
these differences. For concretes of comparable workability, Kellermann” 
found that the required amount of sand having a fineness modulus of 
2.75 was about 3.5 per cent more than that of sand having a fineness 
modulus of 2.22. 


Where the gradings of the sand and coarse aggregate are reasonably 
uniform, an increase or decrease in the percentage of sand will require 
an increase or decrease in the water content for maintaining the same 
slump. This increase or decrease in water content, for mixes of about 
the same richness, amounts to about 2.5 lb. per cu. yd. for each one 
per cent increase or decrease in sand. But where the grading of the sand 
changes as from medium to fine, the increased fineness and correspond- 
ing decreased sand content may result in little change in water require- 
ment. Kellermann * shows practically no change in water content of 
concrete made with sands of different fineness where the percentages 
of sand used were those required for maintaining equal workability. The 
committee report has recognized this by recommending the same water 
content for the fine, medium, and coarse sands although different per- 
centages of sand are used in maintaining equal workability. 

It is generally agreed that angular coarse aggregate requires more 
sand and water for the production of satisfactorily placeable concrete 
than does rounded aggregate. Table A, compiled by the writer, shows 
the increase in percentages of sand and water contents found necessary 
to produce angular coarse aggregate concrete having the same work- 
ability as rounded coarse aggregate concrete. This table indicates that 
a 4.6 per cent average increase in the percentage of sand and 28 pounds 
average increase in water are necessary where angular coarse aggregate 
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is employed. The values of 5 and 25, respectively, in the committee 
report, are in good agreement with this table. 

Very little data could be found on the use of crushed-stone sand as 
compared with natural sand. Kelly’ recommends a three per cent 
greater percentage of sand where stone sand is employed and Goldbeck” 
found that crushed sand required about 29 pounds more water than did 
natural sand to produce mortars of equal consistency. This difference in 
water requirements should not be as pronounced for concrete mixes and 
the 15 pounds increase recommended by the committee appears reasonable. 

The percentages of sand and the unit water contents recommended 
in Table 5 of the committee report were found to be in good agree- 
ment with the average values mentioned in this discussion and it is 
concluded that they should be applicable for designing a starting mix 
with any set of materials where due consideration is taken of the grad- 
ing and particle shape of the aggregate. 


TABLE A—INCREASE IN PERCENTAGE OF SAND AND POUNDS OF WATER 

PER CUBIC YARD OF CONCRETE FOR ANGULAR COARSE AGGREGATE AS 
COMPARED TO ROUNDED COARSE AGGREGATE 

Increase in 


| Increase in Increase in 





percent- 
age of sand for com- 


pounds 
of water per cu. yd. 


pounds 
of water per cu. yd. 


Reference parable workability of concrete for same | of concrete for same 
Number** at constant W/C | slump: with increase | slump and adjusted to 
in sand no increase in sand 


Max. Size Aggregate 


Max. Size Aggregate 


Max. Size Aggregate 


| - 11%-| & | & | HH 11%] | oe 1H 1] e 1 |] 
inch | ineh | inch | ineh | inch | inch | ineh | inch | inch | inch | inch | inch 
l 2 3 3 2 34 33 37 39 30 26 =| 29 33 
2 5 5 5 17 | 17 | 17 6 5 | 4 
3 4 3 18 30 9 23 
3* 3° 30* | 33° 23° | 26° 
9 3 8 35 24 28 l 
10 7.5 4.5 34 19 16 6 
11 5 6 7.8 21 21 20 9 5 2 
12 | 31 22 
13 6 47 33 
14 6 38 24 
15 24 
16 46 
17 11 
IS 19 
Average 3.6 1.6/|4.7 | 5.5 | 26 32 25 26 18 22 13 10 
Grand 
average 4.55 28.3 17.1 


*l-in. and 2-in. maximum aggregate included only in grand average. 
**References at end of discussion. 
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This report will be formally presented and will be open for discus- 
sion at the 38th Annual Convention, but is not now eligible for 
adoption as an ACI Standard. All discussion of the present 
report should reach the AC | Secretary in triplicate by Apr. 1, 1942. 
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By R. F. BLANKS 


(Chairman Committee 613) 


I believe it was just two years ago at this time that I stood on this very 
spot and made a promise to the Institute membership that Committee 
613 would not let them down, I want to say now that that was not 
merely an idle boast; | simply did not know any better. Many times 
since then | have been on the verge of admitting that we could not make 
good on that promise. However, I can stand before you today and with 


a clear conscience say that Committee 613 has not let you down. 


It is probably true that we have not given you a universally standard 
method of mix design, as might be inferred from the title of our report, 
“Proposed Recommended Practice for the Design of Conerete Mixes.” 
To many, the title probably implies that here are all the answers to 
everybody's problems -a procedure that will fit all jobs and any com- 
bination of conditions. I do not believe that it is possible to develop 
such a standard method for mix design, nor do | believe it is necessary. 
I do think that in the Committee report we have given you the basic 
concept of mix design the basic factors which should control the pro- 
portioning of concrete materials. The report constitutes, so to speak, 
a common language, so that when I talk about concrete mixes and some 
one else talks about concrete mixes, we will at least be talking in the 
same general terms. Such a common meeting ground should go far 
toward eliminating much of the confusion of thought that now exists. 


Since the report has been published for some little time, I see no object 
in reading it now. I might point out a few of the high lights, and also, 
*ACT Jounnat Jan,, 1942; Proceedinga V, 38, p. 193, 


(208-1) 














208-2 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE June 1942 


a few of the low lights. The recommended procedure is divided into six 
steps. The first step is the selection of the water-cement ratio. It was a 
long time before the Committee came to general accord that the selection 
of the water-cement ratio should be the first step in the design of concrete 
mixes. Mr. Powers’ discussion of the report very clearly sets forth the 
reasons why that was done. Without going through and reading the 
several steps as recommended for the procedure of designing concrete 
mixes, | am going to pass on to the mechanics by which those steps are 
accomplished, 

Under “Selection of water-cement ratio,” it says that the water- 
cement ratio should be selected on the basis of, first, the required dura- 
bility, and second, the strength specified. The maximum allowable 
water-cement ratio for the type of construction and exposure conditions 
involved, may be selected from Table 1 which, as you know, is a time 
honored and well precedented table. However, the report doesn’t tell 
you what to do with an aggregate or combination of aggregates and 
cement which under a freezing and thawing test or in actual service will 
withstand ten cycles, in comparison with an aggregate-cement combina- 
tion that will stand years of service or an indefinite number of cycles of 
freezing and thawing. That corner of the report might be considered as 
one of the low lights. The water-cement ratio required for the specified 
compressive strength should be determined by laboratory tests. — If 
laboratory tests cannot be made, a table is given which will serve as a 
general guide for compressive strength-water cement ratio relationship. 
For flexural strength, there is no substitute for laboratory tests. There 
is still another kind of strength which is of primary importance, for 
example, in the design of large dams, ‘That is shearing strength, and 
perhaps this might be passed off as another one of the low lights of the 
report, 

The nucleus of the entire report is Table 5, which T think is a very 
useful compilation of many summarized data, | would call your atten- 
tion to the discussion prepared by Mr. Price and printed along with the 
report, wherein he gives some of the background for the derivation of 
Table 5. The unit water contents and percentages of sand listed in 
Table 5 are weighted averages from a large number of investigations as 
published or reported by many investigators. It cannot be expected to 
hold absolutely for every set of materials and conditions, but [ believe 
it will be the exception, rather than the general rule, that wide devia- 
tions from the values listed will be found. 

The method set up for actually computing the concrete mix after you 
have made the necessary pre-determinations is on the basis of absolute 
volume, | would not recommend that you go out on a job and attempt 
to follow through the detailed sequence of computations inarriving at a 
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mix to start the work. Several years ago a very pertinent cartoon 
appeared in the Saturday Evening Post. 1 wish I had a slide of that car- 
toon but maybe I can describe it well enough so that you can get the 
idea, It depicted a concrete mixer, with several workmen standing 
around, leaning on their proverbial shovels. Here was a man with a 
wheelbarrow of sand, another with a sack of cement, and still another 
with a concrete buggy, all apparently waiting for something. Very much 
in evidence in the picture was a man in a white collar frantically feeling 
through his pockets as though he had lost something. The caption to 
the cartoon was—‘’The boss lost the recipe "Now, there are many 
practical devices or working tools that may be used to avoid the plight 
of the man in the cartoon. | know that many readers consider the lack 
of such tools as one of the weak points of the report, which merely says, 
“various short cuts, simplified rules and charts may be used for making 
adjustments in concrete mixes with sufficient accuracy for all practical 


purposes,’ 


The main advantage of the Committee’s recommended procedure for 
the design of concrete mixes, as | see it, is its simplicity We could add 
rule after rule, detailafter detail, and we could include a discussion of any 
number of excellent, highly technical methods of mix design that appear 
in the literature. To do so would result in a report so voluminous that 


it would defeat its own purpose 


Without) repeating all of my discussion already published ino the 
JOURNAL, | will discuss the matter of the water-cement-ratio basis of 
designing mixes As Mr. Blanks said, the committee did not always 
agree, and there wa perhaps more disagreement over this basis of mix 
design than over any other one point I think, however, the degree ol 
disagreement was normal in view of the present state ol knowledge con 
cermmg these matter The differences of opinion tended to persist 
heeause of the lack of an undeniably fundamental basis on which to settle 
the questions, There are so many things about the physics and chemts 
try of conerete mixes that we should know and that none of us does know 
that if is not SUPprising that we reach different conclusions from the 
things we think we know, Different experiences lead to different con- 


cepts when knowledge is essentially empirical in character 


At present there is only one fundamental principle that can be applied 
consistently in designing concrete mixes, About this one thing we can 
agree: The maximum degree of Impermeability, the minimum degree of 


shrinkage, and the maximum strength that can be developed from a 


*Aneintant to Director of Research, Portland Cement Association, Chicago, Member Com, 614 
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paste of cement and water are limited by the amount of water that is 
used with the cement. We know also, though perhaps it is not apparent 
to those who have not been studying the subject in detail, that the 
cement-water paste is an entity—an individual ingredient of concrete that 
‘an be isolated and studied separately. If the cement industry produced 
the cementing medium that gives concrete its strength, the product 
would be a paste. The designer of mixes would have to specify in advance 
the desired quality of paste. The problem of design would not, however, 
be solved by that step alone, for when the selected paste is combined 
with aggregate to make concrete, the properties of the resulting mixture 
will depend upon a great many factors about which we don’t know as 
much as we should. 

At the present state of our knowledge, there is no adequate way of 
specifying how factors other than the quality of the paste are to be 
taken into consideration except for flexural or compressive strength. 
As for other properties, frequently of greater importance than strength, 
particularly durability, the committee could do nothing else than to 
refer to recommendations based on service records, No test for dura- 
bility has been sufficiently well standardized to warrant its incorporation 
in a recommended procedure for designing mixes. 

However, we know from experience that if a given water-cement ratio 
is chosen, the quality of the concrete as a whole can be expected to fall 
within certain limits. Therefore, the selection of the water-cement ratio 
is recommended as the starting place. Beyond that, as many refinements 
may be added as available testing equipment and individual experience 
will permit. 

By GUY H. LARSON* 


Being guilty of casting the lone dissenting vote in the final Committee 
balloting on this recommended practice, the obligation of presenting 
the minority view, I presume, is mine. The water-cement ratio, to be 
sure, has an important bearing on the quality of concrete. However, in 
Wisconsin we have a variety of conerete aggregates and we find that 
with the same water-cement ratio and the same cement content, the 
strength of the conerete produced by some of these aggregates differs 
greatly from that produced hy others. We do not know the exact reason 
for it in each case, but we are convinced that the difference does exist. 
Some freezing and thawing tests we have made indicate there is also a 
difference in durability. It appears that the characteristics and  pro- 
perties of the materials as well as the amount of water used per sack of 
cement, have an important bearing on the quality of the concrete, | 
therefore think that a recommended practice for designing concrete mixes 


*Wisconsin State Highway Commission, Madison; Member Com, 613, 
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should include a method or procedure for considering all the constituents 
and their properties and determining the water-cement ratio necessary 
with the particular materials at hand to produce certain desired results 
in the hardened concrete, as well as to obtain a properly workable fresh 
concrete. When given an opportunity to work as a member of Committee 
613, it was found one or two other members had similar views, and such 
a procedure was introduced in a draft of the recommended practice. 
But other members had what they thought to be equally good reasons for 
not including such a procedure. When the final draft appeared without it, 
the recommended practice to me seemed incomplete, and now IL find 
myself in the position of lone dissenter. However, after listening to the 
contributions to this convention by Messrs. Meissner, Tuthill, Pearson, 
Goldbeck and Walker, | do not feel so badly about that position. I have 
enjoyed my committee work and contacts, and feel that L personally 
have been the chief beneficiary. 


By C. W. BRITZIUS* 

The Committee’s recommended procedure for the design of concrete 
mixes is very good, | like it because it is based on the fact that for a 
given set of materials the water content per yard of concrete for a given 
consistency as measured by the slump test is constant regardless of the 
cement content, 

There has been discussion questioning the desirability of using the water- 
cement ratio as a basis for design. IL believe that the water-cement 
ratio should be used and that the water-cement ratio should not be picked 
from an average table, but should be selected on the basis of the strength 
the materials selected for a job will produce as is determined by test. It 
is not well understood by the average concrete contractor or architect that 
for interior concrete, such as columns and slabs, the water-cement ratio 
selected should be based only on the actual compressive strength pro- 
duced, If the conerete is to be exposed to weathering or other deterior- 
ating forces, the water-cement ratio should be selected on the basis of 
the values of Table 1. As has been pointed out additional work remains 
to be done to determine the relation of water-cement ratio to durability 
for different materials, 

The values of Table 2 that give the strength to be obtained for varying 
water ratios are in the light of my experience conservative by about 
1000 psi at a water ratio of 5 gal., and about 500 psi at 8% gal. Fora 
given water-cement ratio there are a number of factors that determine 
the strength of the concrete. These are the cement, the type and grading 
of the fine aggregate, the type of coarse aggregate, and the properties of 
the mix, such as sand content and slump, On the basis of my experience 


*Twin City Testing Laboratory Inc., St. Paul, Minn, 
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designing mixes with many types of materials, I have found that there is 
a wide variation in strength for a constant water-cement ratio. A com- 
bination of factors contributing to low strength may cause a 6-gallon 
water-cement ratio to produce a strength as low as 3000 psi, and again 
if the materials are conducive to high strength, a strength of 5000 psi 
may be produced. 

I believe that the slide shown earlier of strengths obtained during con- 
struction of the PCA Building is not representative of present day con- 
structione You will recall that there was apparently no relation between 
water-cement ratio and strength. I believe a great part of the lack of 
uniformity was due to the fact that test specimens were job cured. Con- 
crete control should be judged on the basis of specimens moist cured at 
70 F. and the results of job cured cylinders should be carefully used in 
judging the quality of the concrete. 

To illustrate the uniformity that one can expect of controlled concrete, 
I would like to cite the results of concrete tests of laboratory cured 
cylinders made during construction of the Farmers and Mechanics 
Bank in Minneapolis. We designed the mix and inspected the concrete 
at the central mixing plant. Our tests indicated that a water-cement 
ratio of 744 gal. per sack would produce a concrete testing 3500 psi 
which was 500 psi over the 3000 lb. designed for. During the concreting 
operations the water-cement ratio was maintained constant, but the mix 
varied from 3 to 7 in. slump, 42 to 50 per cent in sand content, and from 5 to 
5% sacks in cement content. In spite of these variations in the mix, the 
average of the 50 28-day cylinder tests was close to 3600 psi and 90 per 
cent of the tests were between 3400 and 3800 psi. The highest was 4250 
and the lowest was 3200 psi. 

Table 5 of the ““Recommended Practice” is of special interest to me, 
for recerrtly I completed a series of tests to determine the effect of the 
shape of the coarse aggregate particle on the workability of concrete. 
My determination of workability was made using the slump test, the 
Powers remolding test, visual inspection, and reference to the ease with 
which the concrete could be rodded. My investigations show that the 
extremes of the difference in particle shape require a change of 11 per cent 
in sand ratio as compared to the 5 per cent recommended by the Com- 
mittee, which recommendation is substantiated by Table A, page 207. 
I believe that the values of this table are possibly low because contractors 
and engineers have become accustomed to the fact that concrete in which 
the coarse aggregate is crushed rock is difficult to place, and hence do not 
insist on high workability when using crushed coarse aggregate. 

My tests, in which I found that 11 per cent more sand is required with 
crushed rock than with rounded river gravel, were made using the extremes 
of coarse aggregates as to particle shape. The rounded gravel was fur- 
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nished by the Winona Sand & Gravel Co., and this naturally rounded 
gravel was picked over to remove the little crushed oversize it contained. 
The crushed rock was furnished by the Trap Rock Co. from its quarry at 
Dresser Junction, Wise. This rock is extremely hard, sharp, and angular. 
The void content of the rounded gravel was 32 per cent and for the crushed 
rock 42 per cent. The gradation of both gravels was made the same, 
being of 1144-in. to No. 4, according to ASTM specifications. The cement 
and sand were the same in both series of tests. The whole investigation 
was made using a water-cement ratio of 6.5 gal per sack. 

Sixteen separate batches were tested for each coarse aggregate. The 
test procedure was standardized and a mixing machine was used. The 
test data was plotted in the manner as is recommended by Mr. Powers 
with the cement content as the ordinate and the sand ratio by absolute 
volume as the abissa, with values of equal workability plotted thereon. 

Our test of the rounded gravel showed that for a remolding effort of 
20 jigs the “optimum” sand content was 37 per cent. The slump was 
3 in., the cement content was 5.25 sacks per yard, and the water-cement 
ratio was, as was stated before, constant for all tests at 6.5 gal. per sack. 

Our test of the crushed rock showed that for a remolding effort of 20 
jigs the “optimum” sand content was 48 per cent. The slump was 3 in., 
and the cement content was 5.79 sacks per yard. The difference in sand 
ratios is 11 per cent and the cement contents differ by 0.54 sacks per yard. 

Table 5 is accurate for the materials in the Twin Cities area as to the 
water contents per yard. I believe that this table should have a column 
under each of the two main headings, ‘“Rounded Coarse Aggregate’’ and 
“Angular Coarse Aggregate,”’ called “voids,” that would aid in the 
table’s use. It is known that the angularity of the coarse aggregate can 
be measured by the voids, so why not include the voids so one may obtain 
the water per yard by interpolation? A variation in grading of the same 
coarse aggregate within the ASTM limits does not appreciably affect the 
void content. I also believe that a 1-in. maximum size coarse aggregate 
should be included in Table 5. 

The State of Minnesota Highway "‘epartment specifies its mixes for 
its various types of work on the basis of the void content of the coarse 
aggregate. By its specification, the two coarse aggregates I studied 
would require an 8 per cent difference in sand content and a difference of 
cement of about 0.4 sacks per yard. The water-cement ratio is held 
constant. 

By R. W. HURLBURT* 


It is stated that the first step is selection of water-cement ratio and, 
lacking experience and where durability is not a factor, the designer is 


*Engineer of Tests, Canadian Inspection & Testing Co. Ltd., Toronto—Discussion presented in Mr} 
Hurlburt’s absence by R. A. Crysler, Canada Cement Co., Ltd., Montreal. 
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referred to Table 2. It is definitely stated that the water-cement ratio 
for the required compressive strength may be taken from the table. 
Committee 501 (March-April 1936) recommended a somewhat different 
table of water-cement ratios for use where trial mixes were not made. 
The Canadian Engineering Standards Association has in preparation a 
specification including a similar table of recommended water-cement 
ratios. 


The comparison between these various tables is shown in Table B. 
TABLE B 


Water Cement Ratio by Weight 





28 Day ACI ACI 

Design Strength, psi Committee 613 Committee 501 CESA 
2000 0.75 0.67 0.66 
2500 0.71 0.60 0.59 
2800 0.67 
3000 0.53 0.52 
3200 0.62 
3500 0.46 
3600 0.58 
3750 
4000 0.53 0.44 0.42 


In other words Table 2 would permit a design strength of 2800 psi in 
one case and 4000 psi in another case where the other tables recommend 
2000 psi and 3000 psi for the same water-cement ratios. 

While it is admitted that the Committee 501 and the CESA are prob- 
ably overly conservative, I believe that a table promulgated under the 
auspices of the American Concrete Institute should take into considera- 
tion the fact that the information will possibly be used on jobs where 
aggregates of slightly questionable quality may be used and where there 
is no definite control or measure of the moisture in the aggregates together 
with the somewhat unreliable methods of actually batching water. 

Taking into consideration the variations and questionable control on 
a very large number of jobs, which do not warrant laboratory investiga- 
tions of the concrete making properties of the materials it is proposed to 
use, I cannot agree with Mr. Larson and the Committee when they refer 
to Table 2 as ‘‘a table of conservative recommended values.”’ 


By A. C. IRWIN* 


I congratulate the Concrete Institute on the excellent work it has been 
doing. That is no news to you. It has been in existence a long time and 


*Dept. of Subways and Superhighways, Chicago, 
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has existed by virtue of its own momentum, with no professional, or 
rather no employment reasons why any of you should spend your money 
and time finding out about concrete. Many of you come. here to be 
refreshed and kept up to date on what is going on. That is also com- 
mendable. I believe however that most of you will agree with me that 
the progress made seems to be tremendously slow. Twenty years ago you 
were saying pretty much the same thing you are saying today. I don’t 
mean that you have not progressed, because you have made a lot of 
progress, but maybe what you need is a new direction of your activity. 
teferring to this report will illustrate what I mean. I note that in the 
recommended procedure for design of concrete mixes there are six steps, 
all of which have been presented as steps to take in the reports of the 
Concrete Institute for many years. No. 2 says “select the limits of slump 
that will permit proper handling and consolidation of the concrete under 
the job conditions involved.”” That is next to impossible unless limits 
for those job conditions are set. Are you going to allow contractors to 
use a vibrator that will cause concrete to flow into the forms, or will you 
limit the use of the vibrator to the purpose of enabling you to employ 
drier mixes? This body and other bodies that prepare specifications as 
a guide for others must get some punch into what to do; in other words, 
you have got to state in more specific terms what you mean when you 
say “job conditions.”” I am sure that a number of men here could sit 
down and write out from their experience that ‘job conditions” are 
established entirely for ease and low cost of doing the work without much 
regard to the quality of the finished product. This committee knows 
what “job conditions” should be condemned, but unless this is done the 
contractor has no restraint on him and what you do here is simply 
stymied at once before you start. 

In preparing specifications, engineers and architects go to the Concrete 
Institute, to the ASTM, to the AREA and so on, and pull out their 
specifications. They adopt certain portions by reference and copy more 
including the mixing and proportioning of concrete as well as control 
methods. Job control specifications are a great deal more important than 
some of the detailed specifications you put in. You have got to branch 
out and state how this work must be done—must be done. 

Along the same line—we have Tables 1, 2,3, 4. and 5. By doing specific 
gravities of course we can compute cement content from Table 5 or the 
water ratios used for different jobs from another table. Other discussions 
have brought out the fact that the character of the aggregate has a whole 
lot to do not only with the workability and ratio of the coarse to fine 
aggregate but also to the strength because aggregates affect the water- 
cement ratio necessary for workability. There is a large strength factor of 
safety in the table that takes care of a great many things but it does not 
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necessarily take care of durability. One of the discussors referred to 
specified laboratory soundness tests prior to fixing the water ratio. That 
is impracticable on most jobs. Tests must be such that they can be 
done quickly. Ordinarily you cannot tell a contractor just where he 
shall get aggregates, and if you men would formulate a specification for 
making tests on aggregate that could be carried out in a few days at 
most that would tell you whether or not the aggregate was durable under 
the use exposure, you would have something of great practical value. 
This would take care of unfamiliar aggregate. Following this, more 
elaborate tests could be made to establish the character of aggregates 
from deposits which would lead to a classification of them as to character. 

I think you have gone at the present time about as far as you can in 
the way of the designing of concrete mixes with the information that you 
have at hand. Then what is the next step? Concentrate on giving the 
engineer the “‘tools’”’ necessary to better workmanship. 


By J. C. WITT* 


Committee 613 has prepared a very good report. Two items, particu- 
larly, deserve favorable mention. 

The first of these is the basing of the calculations on absolute volumes. 
It has been found more accurate and more convenient to proportion 
concrete materials by weight, than by volume. This had led to the 
preparation of tables showing materials quantities by weight. The 
assumed specific gravity and moisture content of each aggregate may be 
shown without emphasizing that the tables are accurate for these condi- 
tions only. This has brought about a tendency to overlook the funda- 
mental importance of absolute volumes, as has been pointed out in 
recent papers. t 

The second item is the use of the phrase, “from test data, experience or 
established relationships.”” This permits a choice of procedures—which 
is very desirable. 

On page 194, the selection of the water-cement ratio should not be the 
first item of the procedure. In this sequence, the relation of water to 
cement is fixed, but the quantity of cement is a function of the other three 
materials present. This does not eliminate mixes in which the quantity 
of cement is too low for proper durability. The quantity of cement and 
the maximum water-cement ratio should be selected first. After adjust- 
ment, the water-cement ratio should be as low as conditions permit. 

On this basis, a slightly different procedure for the design of concrete 
mixes is proposed. To facilitate comparison, the same terminology has 
been employed: 





*Technical Director, Marquette Cement Manufacturing Co. 
tConcrete, 49, 33-9 (1941) and Rock Products, 44, No. 12, 75 (1941) 
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1—-Select the quantity of cement and the maximum water-cement ratio 
from test data, experience, or established relationships, to meet the speci- 
fied requirements for durability and strength (compression or flexure). 

2—Select the limits of slump that will permit proper handling and 
consolidation of the concrete under the job conditions involved. 

3— Determine the largest maximum size of available aggregate suitable 
for use under the job conditions involved. 

1—Kstimate from test data, experience, or established relationships, 
the minimum volume of sand per cubic yard of concrete that will provide 
the proper degree of workability, and permit the water-cement ratio to 
fulfill the requirements of 1. 

5—Compute the trial-mix proportions that will satisfy the conditions 
established in steps 1 to 4. Make such adjustments in the trial mix on 
the job as may be necessary. 

The materials quantities may be found readily by the methods described 
in the papers to which reference has been made, when either the original 
procedure or the suggested modification is followed. 


By C. H. FORESMAN* 


The design of a concrete mix is the focal point of our knowledge of 
concrete. This operation, if properly carried out, collects the various 
properties of the primary materials and blends them into characteristics, 
which should be predetermined, of the plastic and hardened concrete. 
These predetermined characteristics are not merely the slump and a 
hoped-for minimum strength; they include many other qualities equally 
essential. Naturally, the degree of refinement necessary depends on the 
service requirements, but a method that does not permit of control of all 
of the characteristics required is of doubtful value as a standard or ree- 
ommended practice. 

That the water-cement ratio is an important consideration in the 
design of concrete mixes is almost axiomatic. It does not follow, how- 
ever, that nothing else need be considered. It is well to remember that 
the ratio between the water and the cement determines the strength of 
concrete only if other conditions remain the same. The proposed method 
makes no provision for the maintenance of equality in the ‘other 
conditions.” 

The design of concrete mixes is properly divisable into two sections; 
the first having to do with the quality and physical properties of the 
primary materials and the second part with the mechanics of combining 
the primary materials to produce characteristics in the resulting concrete 
as determined by the preliminary investigations and the service require- 


*Concrete Engineer, The Board of Public Education, Pittsburgh, Pa. 
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ments of:the job. The report of Committee 613 is concerned only with 
the second part—the mechanics of mix design, so there is no object in 
discussing the preliminary investigations, except that they must produce 
two very important results. The first of these results is the water- 
cement ratio for the cement and aggregates being used. The report of 
the Committee clearly states that the determination of the W/C ratio 
is a laboratory procedure but it would seem that it could be even 
more emphatically stated that the figures shown in the W/C ratio 
tables should be used only in an emergency or where the work is of a 
minor nature. 

The other important result of the preliminary investigation, as it 
affects the design of the mix, is the grading of the combined aggregate. 
A great deal of work has been done on the grading of concrete aggregates 
and there are numerous and varied opinions about it but one fact can- 
not be disputed: Uniformity of results in concrete cannot be maintained 
unless the grading of the combined aggregate is constant. The report 
does not mention the grading of the combined aggregate and the pro- 
posed method does not provide for the maintenance of uniformity in 
such grading. 

In connection with the maintenance of uniformity in the grading of 
the combined aggregate, it should be mentioned that when only two 
primary aggregates are used such uniformity can be maintained only 
when the specifications require the use of aggregates graded within very 
narrow limits. Three, four or five sizes of aggregate should be used, 
depending on the maximum size permissable. When three or more aggre- 
gates are used, the trial mix method can be used only with difficulty and 
should be manipulated by a designer with considerable experience. Even 
then, it fails to produce results which justify the use of more than two 
aggregates. At a time when more and more large users of concrete are 
demanding the separation of coarse aggregates and in many Cases fine 
aggregates as well, it scarcely seems suitable to propose a method which, 
for all practical purposes, is limited to two aggregates. 

Where only one fine and one coarse aggregate are used, the trial mix 
method is probably as good as any but it seems rather pointless to set it 
up as a standard and publish a description of it as such. It has been 
adequately described in any number of publications, at least some of 
which are available to Institute members merely for the asking. 

To persons familiar with the trial mix method, the procedure outlined 
in the report seems unnecessarily complicated. Bearing in mind that the 
object of the method is merely the production of a workable concrete 
with a definite water-cement ratio, the procedure can be confined to the 
following very simple steps: 
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1. Mix air-dried fine and coarse aggregates in the proportions, by 
weight, selected (the proportions may be set by the designer’s own exper- 
ience or by using one of the many tables available). 


2. Add cement and water in the proper ratio until the desired con- 
sistency is obtained. 


3. Measure the yield. 


4. Determine the cubic yard quantities by multiplying the weights of 
materials used in the trial bateh by 27, yield. 


If the mix is too sandy or too harsh, do just what the name of the 
method indicates—try it again, varying the proportions of fine and 
coarse aggregates as necessary. 


If volumetric measurements are desired, weights can be translated into 
volumes in the field with proper allowances for bulking due to moisture. 


Moisture content of the aggregates should, of course, be added to the 
weights of the aggregates when weight measurements are used and, in 
any case, should be deducted from the amount of mixing water. Inci- 
dentally, the determination of the moisture content of the aggregates is 
not just a laboratory test; it is a routine field operation. 


Since this discussion has termed the proposed method unsuitable, it 
might be thought appropriate for the writer to produce an alternate 
method. The writer, however, feels that the proven ability of the com- 
mittee members is such that their efforts should produce a method 
superior to the one he uses. At the same time he suggests that the 
requirements for any method proposed as a standard include the fol- 
lowing: 


1. It should be adaptable to multiple aggregate design. 
2. It should provide for the control of as many of the properties of 
concrete as is humanly possible. 


3. It should provide for the maintenance within very narrow limits 
of a constant grading of combined aggregates, without imposing too 
narrow limits on the grading of the primary aggregates. 


It is not the intent of this discussion to suggest that the use of the 
trial mix be barred or that it should not be recognized as a legitimate 
method of design. Under certain circumstances and for certain purposes 
it is a very useful tool and certainly a brief description of the method 
should be ineluded in the report of the Committee but why should 
the American Concrete Institute adopt a method of such limited scope 
as a standard? 
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By ARTHUR RUETTGERS* 


Considering the maze of data published on concrete mix design and 
allied subjects in the past few years, it is refreshing to find a design 
procedure as systematic and clear cut as that formulated by Committee 
613. The Committee is to be commended for its contribution. 

After reviewing the report critically, the writer has been impressed 
with one apparent weakness; namely, that the utility of the report has 
been restricted, perhaps unnecessarily, by too abbreviated a treatment of 
two phases of the subject. 

Consider first the question of aggregate grading. Aside from providing 
specific procedures for determining the maximum size of aggregate and 
for estimating or establishing by test the minimum percentage of sand 
to be used—procedures which are admittedly important and useful 
the report has little to offer on grading, either in respect to the gradings 
of individual aggregate size fractions or their combinations. Detail 
grading information needed in effecting the procurement and utilization 
of aggregates to the best advantage must therefore be sought elsewhere 
or by test. On page 199 the report states: 

The Committee recognizes that there are many excellent methods for proportioning 
fine and coarse aggregate for trial concrete mixes. Where conditions or personal prefer- 
ences dictate, use may be made of any of the basically sound methods described in 
the current literature. 

However, the report does not reveal, for the benefit of the reader, the 
nature or identity of the methods recognized, 

What seems to be needed, if the present price of ignorance is to be 
reduced, is some system along the lines proposed by Weymouth,t whereby 
one may judge the suitability of any combination of separated aggregates 
in any proposed concrete mixture and may, at the same time, determine 
at least the direction in which optimum grading lies. The problem 
assumes greater importance with increase in maximum size of aggregate, 
since the larger the number of aggregate fractions, the more numerous 
are the combination possibilities, and the greater is the disadvantage of 
having to explore such possibilities in the laboratory or to await field 
trial. 

The writer is aware of specification grading limits such as those pre- 
pared by the American Society for Testing Materials and the Joint Com- 
mittee on Standard Specifications for Concrete and Reinforced Concrete, 
but these grading specifications leave much to be desired and do not 
encompass the range of aggregate sizes dealt with in the report of ACI 
Committee 613, Certainly the membership of Committee 613 is particu- 
larly qualified to tackle the problem. 


*HKureau of Reclamation, Denver, Colo, 
tC. A. G, Weymouth, "Effects of Particle Interference in Mortars and Concretes,”’ Rock Producta, Feb 
25, 1044, p. 26, 
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Consider now the section of the report under the caption “Computation 
and Adjustment of Trial Mix.”’ 


The absolute volume relationship embodied in the computation pro- 
cedure illustrated on pages 200 and 201 of the report makes the procedure 
easy to grasp and to retain. This is a valuable feature. On the other 
hand, one needs only to perform the 36 indicated calculations, plus the 
Z1 calculations not specifically indicated but needed for completion of 
the example, to realize that the detail procedure is ill-adapted to field 
use —at least to the extent that it pertains to mix adjustment. The dis- 
tribution of the 57 calculations (a single calculation representing a multi- 
plication, division, addition or subtraction) is as follows: 


No, of 
Calculations 
(1) Computation of trial mix proportions 14 
(2) Computation of trial batch weights... . 7 
(3) Determination of actual water-cement ratio. 1 
(4) Computation of correct unit water content 1] 
Subtotal 36 
(5) Recomputation of mix proportions and batch weights for corrected 
unit water content 21 
Total. ° 57 


The writer is not advocating the elimination of the procedure approved 
by the Committee but he does recommend that the Committee reconsider 
its position (as expressed in the last paragraph of the report) and supple- 
ment the procedure with a few judiciously selected working tools which, 
taken together, will have more or less universal appeal 

One time-saving and error-minimizing device whose merit has been 
proven by several years’ experience is a nomographic chart shown in 
Fig. C. An explanation of the use of the chart follows—the illustration 
being the one employed in the Committee report, 


EXAMPLE OF USE OF NOMOGRAPHIC CHART 


Given: Water-cement ratio 0.53 by weight 
Unit water content 305 Ib. per cu, yd 
Proportion of sand 12 per cent, 


Specific gravity: Sand, 2.65; coarse aggr., 2.55, 
To find: (A) Mix proportions for trial batch, 


(BB) Adjusted mix proportions after trial has shown water ratio to be 0.50 
instead of 0.53, 


Solution: Part A, 


Place a transparent straightedge across the nomograph-—see line (1) on chart-—to 
connect scale points for water ratio of 0.53 and water content of 305, 
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fead off chart: Parts of aggregate 5.5 (for 2.65 sp. gr.) 
Cement content 1.53 bbl. per cu. yd, (6.12 sacks per eu. yd.) 

Parts of sand 12 per cent of 5.5 2.3 
Parts of coarse aggregate §.5 2.3 3.2 (for 2.65 sp. gr.) 

2.55 oe 

3.2 3.1 (for 2.55 sp. gr.) 

2.65 

‘Trial mix | 2.3 3.1 by weight 


Solution Part B 
Connect seale points on nomograph— line (2) on chart for water ratio of 0.50 and 
5.5 (2.65 sp. gr.) 


Read off chart Water content 202 Ib. per cu. yd 


parts of aggregate of 


Connect scale points on nomograph—line (3) on chart-—-for water content of 2902 


and water ratio of 0.538 


Read off chart: Parts of azgregate 5.9 (for 2.65 sp. gr.) 
Cement content 1.45 bbl. per cu. yd. (5.84 sacks per eu, yd.) 

Parts of sand 12 per cent of 5.9 2.5 
Parts of coarse aggregate 5.9 2.5 3.4 (lor 2.65 sp. gr.) 

2.55 

3.4 3.3 (or 2 55 sp ul 

2 OD 

\djusted mix | 2.5 3.3 by wemht 


Manifestly, even with devices such as the nomograph, there are still 
many producers of conerete for whom the system of mix design and 
adjustment outlined in the Committee report is too involved. This situ- 
ation could be relieved in a measure by setting up an auxiliary condensed 
system built on a similar pattern, Thus, since the concrete would gener- 
ally involve aggregate of 44 to LY in. in maximum size, and of average 
specific gravity, grading and particle shape, the trial mix could be based 
on an average unit water content of say 36 gal, per cubie yard, an average 
sand factor of 40 per cent, and a fixed unit weight of concrete of 4,000 
Ib. per cu. yd. Also, as the cement would be measured in sacks, the 
water-cement ratio would, for convenience, be expressed in gallons per 
suck, ‘The procedure for arriving at dry batch weights would then be 
similar to that proposed by Walker*, as illustrated by the following 
example: 

(Given \ 10-5 mixer and a required water-cement ratio of approximately 6 wal, per sack 
To find: The dry hateh weights for a trial mix 
Solution 

Estimated water content 36 gal, per cu. yd 

Estimated cement content 36/6 6 sacks per cu. vd 


Use a 2esack bateh, which would yield about 2/6 eu, yd. of conerete and weigh 
approximately 4000/3 or 1333 lb 


The dry batch weights would be 


Water 36/3 or 12 gal, at Sy Ib 100 tb 
Cement 2 sacks at 4 lb ISSN Ih 
*Stanton Walker, “llow to Desgn Conerete Miature ACT Jouwnat Jan, 1090) Proceedings, \ ih, p 


Zit 
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Total aggregate 1333 (100 + 
188) 1045 |b. 


Sand 40 per cent of 1045 Lbs. 415 Ib 
CGravel 1045 418 Lh. 627 |b 
Total 1333 |b 


The approx, mix would be 1:418/188:627/ 188 1:2.2:3.3 by weight, 

Assume now that when the concrete is brought to the desired consistency, the water 
needed is only LL gal, instead of 12 for the 2-sack batch, which corresponds to a water 
cement ratio of 5! gal, per sack instead of 6, [t follows that the only change required 
in the previously computed batch weights is to increase the weight of the aggregates 
sO a8 to use up the full allotment of water, As the consistency of the conerete and 
grading of the aggregates are not to be changed, the new aggregate batch weights can 
be determined by taking account of the fact that the weights of the total dry materials 
(cement plus aggregates) are directly proportional, for all practical purposes, to the 
water-cement ration that is: 


New weight of dry materials New W/C () 
Original weight of dry materials Original W/C fl, 
Original weight of cement plus aggregates « ISS 4 1045 1233 Ib 
: 6 
New weight of dry materials — - 1233 1445 Ihe 
u , 


New weight of aggregates alone 1445 Baie! 1157 |b 
New batch weight of sand = 40 per cent of 1157 1635 Ibe 
New batch weight of gravel = 1157 163 604 Ihe 
New mix = 1:463/188:604/188 

1:2,5:3.7, 

The writer has long felt that an assembly of simple rules, in conjunction 
with a few key mixes of known characteristics, may be used to advantage 
in the design and adjustment of conerete mixes that will serve most 
purposes, A simplified procedure employing such rules and key mixe 
is presented in the form of a series of questions and answers, Although 
comparisons are made with data in the Committee report, the writer is 
not proposing the procedure as a substitute for the Committee procedure 
Rather he is presenting it primarily for the benefit of field men who are 
looking for an expeditious yet comprehensive and reliable procedure 
which is not dependent on tables, charts, or similar working data, ‘The 
simplicity of the various adjustments facilitates maintenance of the water 
cement ratio at the maximum safe level, thereby enabling the production 
of concrete of increased uniformity and economy, Lt also reduces the need 
for laboratory tests or for refinements in arriving at initial mixes for field 
trial, 


A SIMPLIFIED PROCEDURE FOR CONCRETE MIX DESIGN AND ADJUSTMENT 
Q). 1. What is the principal feature which differentintes the simplified 
procedure from the procedure in the Committee report? 


A, The simplified procedure deals direetly with mix proportions rather 
than with unit water content and absolute volumes, 
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(). 2. If the unit water content is not dealt with directly, what is used 
as a starting point for arriving at a trial mix designed to meet certain 
requirements? 

A. There is an easy-to-remember key mix for each of four maximum 
sizes Of aggregates, as follows: 


Mor 4 in, max, aggregate 1-2,5-3.5 by wt 
For t's in 6 1-2.5-4.0 ‘ 
hor 3 in ” ss 1-2.5-5.0 ‘ 
hor 6 in a ™ 1-2.5-7.0 “ 


These key mixes apply to conerete of 3-in, slump and 0.57 water-cement 
ratio, made with average natural aggregates (2.65 specific gravity) and 
and of medium fineness, It will be noted that only the parts of coarse 
nevregate differ, and that the suecessive differences form a geometric 
series With a ratio of two, Curiously enough, this series relation applies 
also to the successive maximum sizes of aggregate 

*(). 3. Why was the odd water-ratio figure of 0.57 by weight chosen 
for the key mixes? 

A. Partly beenuse 0.57 is a good working value for a limiting water 
ratio of 0.60, and partly because the water ratio of 0.57, in combination 
with a 3-in, slump and appropriate percentages of sand, results in the 
imple mix proportions stated 

(). 4. low do the unit water contents and percentages of sand for the 
key mixes compare with those in ‘Table 5 of the Committee report, 


which table is likewise based on a slump of about 3 in,? 
A. Por sand of meditum fineness they happen to be virtually the same 


(). 5. How ean the key mixes be used to apply to fine sand or coarse 
waned? 

A, With fine sand, the parts of sand may be reduced and the parts of 
gravel increased by 0.2. With coarse sand the procedure would be 
reversed, ‘Thus a 1-2.5-3.5 mix with medium sand would become 1-2.38-3,.7 
for fine sand and 1-2.7-3.3 for coarse sand, The new percentages of sand 
would then be in substantial agreement with the values in ‘Table 5 of the 
Committee report hor medium fine or medium course sand, a change 
in parts of O.L should serve 

Q. 6. What compensation would be made for the partial or complete 
sUbstitution of crushed for natural rounded aggregates? 

A ‘The mix proportion would be modified by merely reducing the 
parts of conre aggregate This single step has two effects; it increases 
the percentage of sand and also the content of cement paste, thereby 
tending to maimtain the workability of the conerete and the water- 
cement ratio Phe proper reduction to be made in the parts of coarse 
aggregate would naturally depend on the relative amount of crushed 


aggregate used and on the extent to which the shape and surface condi- 
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tion of the aggregates as a whole depart from those of all-natural aggre- 
gates. For results approximately equivalent to those obtained by employ- 
ing the increases in percentage of sand and unit water content indicated 
in Table 5 of the Committee report, the parts of coarse aggregate in the 
mix would be reduced about 15 per cent in the case of all-crushed coarse 
aggregate and 25 per cent in the case of all-crushed fine and coarse 
aggregate. 

Q. 7. How are given mix proportions adjusted to make them apply to 
concrete having the same slump but a different water-cement ratio? 

A. The requirement for such an adjustment is of frequent occurrence. 
It arises in the determination of a trial mix from a key mix when the 
water-cement ratio desired is other than 0.57. It also arises whenever it 
is desired to alter the water-cement ratio of a mix in use, as when a trial 
mix brought to the proper consistency fails to result in the correct water 
ratio. The adjustment in mix proportions is accomplished by changing 
the total mix parts (sum of parts of cement and aggregates) in proportion 
to the change in water-cement ratio, without changing the grading of 
the combined aggregates. The procedure is illustrated by the following 
example: 

Given: 1-2.5-3.5 mix, with 0.60 W/C and 4!4-in. slump. 
Required: Mix for 0.54 W/C and same slump. 

Solution 
Total original mix parts = 1 + 2.5 + 3.5 = 7.0 
Proposed reduction in W/C = 0.06/0.60 = 10 per cent 


Required reduction in parts of aggregate (or total mix parts) = 10 per cent of 
7.0 = 0.7 parts or say 0.3 parts sand and 0.4 parts gravel. 
New mix = 1-2.2-3.1. 


Note: It might be explained that the procedure outlined is not without sound 
support. By considering that the unit water content is unaltered by moderate changes 
in water-cement ratio when slump and aggregate grading are maintained, it can be 
demonstrated that the following relation obtains: 


(Required parts of aggregate) + S.a/S. New W/C 


(Original parts of aggregate) + S./S. Original W /C 
wherein S,/S. is the ratio of specific gravities of aggregate and cement—ordinarily 
about 0.84. This equation can be simplified to advantage, without introducing appre- 
ciable error, by considering the ratio S,/S, as unity and therefore as representing 
cement in the mix proportions. The equation then becomes: 


_ Total new mix parts = ss New WC | 
Total original mix parts ~ Original W/C 


Finally, the relation may be expressed in more usable form as: 
Change in W/C 
Original W/C 

This is the relation used in the previous example. 


Change in parts of aggregate = -X (Total original mix parts) 


Q. 8. How are given mix proportions modified to provide for a change 
in slump without changing the water-cement ratio? 
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A. For each one-inch increase (or decrease) in slump, the total mix 
parts are decreased (or increased) by 3 per cent, without changing the 
grading of the combined aggregates. Thus to increase the slump of a 
1:2.5-3.5 mix by 2% in. and maintain the water ratio of say 0.55, the 
total mix parts of 7.0 would be decreased by 7% per cent, or about 0.5. 
This would mean a decrease of 0.2 in the sand and 0.3 in the gravel, with 
a resulting approximate mix of 1-2.3-3.2. 

Note: In justification of the procedure outlined, let us suppose that the increase in 
slump of 2!% inches is brought about without altering the 1-2.5-3.5 mix proportions 
that is, by simply using more water. This means that if the extra water required is 
3 per cent for each one-inch increase in slump, in accordance with the average value 
generally assumed, the water ratio of 0.55 will be increased by 7!% per cent or to 0.59. 
The problem then is to determine the reduction in mix parts necessary to restore the 
water ratio to 0.55. By using the procedure previously explained in the answer to 

; 0.04 : . 
question 7, the reduction in mix parts is a i < 7.0, or approximately 0.5. From 
this discussion it should be apparent that an adjustment for change in slump without 
change in water ratio is closely related to an adjustment for change in water ratio with- 
out change in slump. 

Q. 9. Is there a simple means of adjusting mix proportions to provide 
for a change in the relative amounts of sand and gravel and still maintain 
both the water-cement ratio and slump? 


A. Yes. For a change of each 0.1 in the mix parts of sand, the parts 
of gravel are changed in the opposite direction in an amount as follows: 


For %4-in. maximum size aggregate—0.25 
For 1! 9-In. os ae - 0.3 
For 3 -in. % ss ’ 0.35 
For 6 -in. e “ 0.4 


. . ‘ 


To illustrate, suppose that a mix of 1-2.4-3.4 having 1)4-in. maximum 
size aggregate and the required water ratio and slump appears to be 
oversanded and that it is desired to determine the optimum proportion of 
sand (giving least cement content for necessary workability) without 
appreciably affecting the water ratio and consistency in use. A set of 
mixes that may be tried successively will then be: 


Note: There is nothing mysterious about this adjustment procedure if one stops to 
analyze it. If, for instance, a 1-2.4-3.6 mix is changed to 1-2.5-3.5 (total parts of aggre- 
gate the same) and the water-cement ratio is maintained, it is obvious that the only alter- 
ation is an increase in the fineness and surface area of the combined aggregates; hence 
the only effect would be a reduction in slump of the concrete. However, such slump 
loss would be eliminated by further reducing the parts of coarse aggregate to the point 
where the tendency for reduction in slump is compensated by the relative increase in 
cement paste content. Naturally the larger the maximum size of aggregate, the lower 
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is the surface area per unit weight of coarse aggregate, and the greater is the required 
change in parts of coarse aggregate to compensate for a unit change in parts of sand. 
The tabulated changes in parts of coarse aggregate for 0.1 change in parts of sand apply 
to well-graded, average natural aggregates. 

(). 10. What is the effect of a departure in specific gravity of the aggre- 
gate from the assumed average value of 2.65? 

A. The solid space occupied in a batch of concrete by aggregate of 
2.65 average specific gravity may be maintained for aggregates of lower 
(or higher) specific gravity by reducing (or increasing) the mix parts of 
aggregate in proportion to the departure in specific gravity. Thus for 
4.0 mix parts of coarse aggregate, based on a specific gravity of 2.65, 


0.07 
~x 4.0 


the parts of coarse aggregate of 2.58 specific gravity would be 
2.65 
= about 0.1 less, or 3.9. 

Nolte. A specifie-gravity adjustment in mix proportions is generally 
an unnecessary refinement, because: 

(1) It takes about 0.10 departure in specific gravity to cause a change of 0.1 in the 
mix parts of sand, and it is only very rarely that ordinary sands suitable for concrete 
fall outside the range in specific gravity represented (2.55 to 2.75). 

(2) For the ordinary run of concrete, the figure for the total mix parts of coarse 
aggregate is usually not over 4.0. As shown by the above example, this allows a de- 
parture of about 0.07 in specific gravity before the parts of coarse aggregate are affected 
as much as 0.1. Perhaps two-thirds of the suitable gravels and crushed rocks used for 
coarse aggregate have specific gravities within 0.07 of 2.65. 

(3) No matter how determined, trial mix proportions which in practice would hit 
the mark within the probable error introduced by ignoring normal departure in specific 
gravity would be considered very exceptional by the writer. Moreover, the indicated 
process of adjustment after the mix is tried and found wanting automatically takes 
care of almost any departure in specific gravity. 

Q. 11. When cement content is desired, is it also determined directly 
from mix proportions rather than by absolute volume computations? 

A. Yes. The following empirical equation, derived as indicated in 
Fig. D and giving results which are usually accurate within one or two 
per cent, is employed: 

10 plus one-tenth of total mix parts 

Cement content in bbls. per cu. yd. —_ 

Potal mix parts plus water-cement ratio 
To illustrate, consider the two mixes used in the answer to Question 7. These mixes are 
(Mix 1) 1-2.5-3.5 W/C = 0.60 
(Mix 2) 1-2.2-3.1 W/C = 0.54 
and, by applying the equation, the cement contents are 


10 + 0.1(7.0) 10.7 
(For Mix 1) ae 1.41 bbl. per cu. yd. 
7.0 + 0.60 1.6 
. 10 + 0.1(6.3) 10.63 
(For Mix 2) - 1.56 bbl. per cu. yd. 
6.3 + 0.54 6.84 


Note: The reason for selecting the specific mixes used and for computing the cement 
contents of both is to permit the demonstration, by example, of a second method of 
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Fig. D—Effect of mix parts and water-cement ratio on unit weight of concrete 


computing cement content under certain conditions The method is based on the 
principle that when a mix, such as mix 2, is derived from another mix, such as mix 1, 
to effect a change in water ratio without change in slump or aggregate grading (see 
Question 7 and answer), the cement contents are inversely proportional to the water 


ratios. In other words the cement content for mix 2 could have been obtained as 


follows: 
0.60 
—— % 141 = 1.56 
0.54 
(). 12. If the simplified procedure outlined were applied to the example 
used in the Committee report, what would be the nature of the computa- 
tions for arriving at the proportions of the trial mix and the adjusted mix? 
A. The computations would be as follows: 


The key mix is 1-2.5-4.0 W/C 0.57 Slump 3 in, 


0.04 
For W/C 0.53, the reduction in parts of aggregate ——— < 7.5 0.5 
O.D4 
The revised mix is 1-2.3-3.7 
| as 0.10 . 
For coarse aggregate of 2.55 sp. gr., the reduction in parts ie xX 3.7 0.1 
bo 


The revised mix is 1-2.3-3.6 
For crushed instead of natural coarse aggregate, the reduction in parts is 15 per cent 
of 3.6 or 0.5 
The trial mix is 1-2.8-3.1. 
The net water-cement ratio found by trial is 0.50 instead of 0.53. 
7 _ . 0.03 
lo restore the water ratio to 0.53, the increase in parts of aggregate n BO x 6.4 
on 
0.4, 


The adjusted mix is 1-2.5-3,3 
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SYNOPSIS 


This group of papers brings up to date the work done by the Materials 
and Research Department of the California Division of Highways dur- 
ing the last three years in the investigation of the cause of the serious 
deterioration of concrete in certain areas of the State. 

Many data are presented supporting the contention that the cause 
of the trouble is a chemical reaction between alkali in the cement and 
some mineral in the aggregate. 

Long time (up to three year) test results are included and methods 
and results of various accelerated test procedures are described. 

Studies on the subject of permissible alkali content, effect of puzzo- 
lanic admixtures, the nature of the reactive aggregates, possible cor- 
rectives and the need for a comparative petrographic study of various 
known and unknown reactive aggregates are discussed at length. 

Interesting data are presented showing the extent to which a highly 
reactive mineral is apparently innocuous when present in excess quan- 
tities which may be as low as only 10 or 15 per cent of the aggregate 
particles. 


Eight lines of investigation are suggested for future research. 
By MR. STANTON? 


INTRODUCTION 


The nationwide occurrence of instances of the deterioration of portland 
cement concrete structures through a reaction between some mineral 
ingredient or ingredients in the aggregates and alkali in the cement, is 
evidenced by the numerous articles published on the subject during the 
last two years. 

” ®Received by the Institute Dec. 1, 1941. 


+All on the staff of the Materials and Research Department of the California Division of Highways: 
tMaterials andgResearch Engineer. 
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The earlier reported concrete failures in California were confined to 
the area along the coast from Monterey to Los Angeles County. The 
major cause of concrete distress in this area was definitely traced to a 
reaction between opaline silica in the chert portion of the aggregates 
and alkali in the cement.* 

Although the reported California failures were confined to a portion 
of the coastal area, laboratory evidence was presented indicating the 
probable above normal expansion which might be predicted with sand 
from the San Joaquin River near Friant. 

Some of this sand was included in the original test series, being identi- 
fied as sand No. 27 (Fig. 1). Petrographic analysis shows this sand to be 
composed chiefly of granite, schist and other rock fragments of quartz, 
feldspars and biotite mica. 

At 36 months expansion up to 1050 millionths of an inch per inch or 
0.105 per cent has been observed in 1 x 1 x 10-in. mortar bars of a 1:3 
mix using Friant sand and high alkali (1.10 per cent) cement. 

This development offers a possible explanation for some of the distress 
observed in structures built by the Southern California Edison Co. in 
the development of the Big Creek Power Project in the Sierras above 
Friant. 

Within recent months considerable distress of a nature similar to the 
map cracking identified with the reaction between cement and aggregate 
has been observed in the concrete in the Belmont Traffic Circle just west 
of the underpass at the southeast corner of Roeding Park, Fresno (Fig. 
2). Investigation disclosed that in the construction of this concrete 
pavement by the City of Fresno in 1932, Friant (San Joaquin River) 
aggregates were used. The cement reported as having been used, was a 
high alkali cement similar to one of the cements used the same year by 
the California Division of Highways in the construction of a section of 
pavement west of Auburn, Placer County and on the Bay Shore High- 
way test pavement south of San Francisco. 

Analysis of the retained sample of state-used cement of this brand 
shows an alkali content of 0.96 per cent. A neutral aggregate was used 
in both the Auburn and San Francisco projects and the coacrete shows 
no distress after nine years. 

While the deterioration of the Fresno traffic circle concrete has un- 
doubtedly been under way for some time, the extent and nature of the 
trouble was not brought to the attention of the writer until compar- 
atively recently. 

Adjacent to the deteriorated traffic circle project and constructed 
the same year (1932) is an underpass with connected pavement in which 





**Proceedings of the American Society of Civil Engineers, December 1940 and September 1941. 
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Fig. 1—Expansion of mortars of certain California sands and a high alkali cement. See 
Table 1 for sand identification. 





Fig. 2—Showing condition of concrete on two projects both constructed in 1932 at the 

Belmont Underpass and Traffic Circle, S. E. corner of Roeding Park, Fresno, California. 

The aggregates in both projects came from the same source (San Joaquin River near Friant). 
Left, low alkali cement. Right of joint, high alkali cement. 


Picture taken in October, 1941. The same brands of cement with non-reactive aggregates were used the same 
year (1932), before and after the Fresno work, in the construction of Sections of State Highway pavement on the 
Bay Shore Highway Test Project north of South San Francisco, San Mateo County without ill effects. 


the same aggregates, but a low alkali cement were used. The low alkali 
cement concrete shows no distress. 
DISCUSSION OF PROPOSED ACCELERATED TEST PROCEDURES 

The long delayed expansion of the Buck Hydroelectric Plant concrete 
reported by Kammer and Carlson' emphasizes the necessity for the 
development of some accelerated test procedure which at the same time 
will not be open to the objection of being so severe that it does not truly 
represent ultimate field weathering probabilities. 


1ACI Journay, June 1941; Proceedings V, 37, p. 673. 
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TABLE 1—IDENTIFICATION OF SANDS FOR WHICH LONG TIME (36 MONTH) 
EXPANSION RESULTS ARE SHOWN IN FIG. 1 


Group 1. In this group rock fragments consist chiefly of granitic rock and sandstone 
with less than 15 per cent quartzite, rhyolite, andesite, siltstone, and limestone, and 
from 4 per cent to 15 per cent shale and chert. The mineral grains consist chiefly 
of quartz and feldspar, with less than 10 per cent of pyroxene, amphibole, mica, magne- 
tite, hematite, limonite, serpentine, and calcite. Sands No. 1 to 4 in this group 
were secured from the following places: 


Sand No. Source 
1 Santa Clara River at Saticoy, Venture County 
2 | Sisquoc River at Sisquoc, Santa Barbara County 


Piru Creek at Santa Clara River, Ventura County 
Oro Fino, tributary to Salinas River, Monterey County 


-— WwW 


Group 2. Rock fragments in Group 2 consist chiefly of granitic rock and gneiss in 
Southern California, and of graywacke (sandstone) in Northern California, with less 
than 10 per cent of basalt, andesite, quartzite, and jasper and usually less than 1 per 
cent of shale and chert. Mineral grains in Group 2 are similar to Group 1. Sands No. 
20 to 27 in this group were found in: 


Sand No. Source 


Coyote Creek, Santa Clara County 

Russian River, Healdsburg, Sonoma County 
Livermore Valley, Alameda County 

Near Olympia, Santa Cruz County 

Roscoe, San Fernando Valley, Los Angeles County 
Irwindale, San Gabriel Valley, Los Angeles County 
San Joaquin River at Friant, Fresno County 


= 8 


~ 


_— 


NM Ww Ww h& by tN 
w t 
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Group 3. The sands in Group 3 were made by crushing ledge rock to the desired gra- 
dation. Sands No. 101 and 102 in this group were found in: 


Sand No. Source 


101 Crushed hornblende diorite, Logan, San Benito County 
102 Crushed quartz, Jackson, Calaveras County 


Relation of temperature to test results 

Carlson, Blanks and others have suggested storing the specimens under 
temperature conditions ranging from 100 to 170 F. Undoubtedly tem- 
perature accelerates the reaction. It would appear desirable, however, 
to hold the temperature down to not over 130 to 140 F. if criticism of 
this test procedure is to be avoided. Higher temperatures are subject 
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to the objection that they may set up reactions not encountered in actual 
service. 


Sodium hydroxide solubility test 


It is comparatively easy to break down some unreactive rock particles 
in a sodium hydroxide solution. This test, therefore, seems to be out 
at least under the conditions found in California were less than one 
per cent of the more reactive mineral or minerals is normally present in 
the fine aggregate. Although these reactive particles are in themselves 
highly soluble their volume relation to the entire aggregate is so small 
as to make the test too sensitive for general application, particularly 
when the other 99 per cent more or less of normally unreactive particles 
may consist of only slightly soluble minerals, the loss of which in the 
aggregate may greatly outweigh the total loss of the much smaller per- 
centage of highly soluble reactive particles. 


Petrographic analyses 


Petrographic analyses offer a fertile field for investigation but un- 
fortunately such analyses are normally practicable only with the larger 
coarse aggregate particles and even then it may be difficult to isolate 
the rock types which are the cause of the trouble, particularly when 
they constitute only one to two or three per cent of the total volume. 
However, once an aggregate has proved reactive as determined by 
expansion tests, it is usually possible to identify the probable reactive 
rocks and then to determine the particular mineral in the rock which is 
the source of the trouble. The identification of the reactive mineral may 
be of academic interest, but is of little value as a routine test procedure 
if we must first determine the reaction characteristics of the aggregate 
by some other procedure. Petrographic analysis will only be of value 
if we can develop supporting data connecting certain rock types with 
invariable reaction to a detrimental extent when present in sufficient 
quantities. From our present knowledge of the subject, this seems 
impracticable as evidenced by the experience with the Parker Dam 


Andesite and Rhyolite, ete.* 


Fluorescence 


Here again we have a proposed test which as at present understood is 
too erratic for dependence, if it has any virtue at all. California experi- 
ence with this test is discussed at greater length in the A. 8. C. E. paper. 


*H. S. Meissner ‘Cracking in Concrete Due to Expansion Reaction Between Aggregate and High Alkali 
Cement as Evidenced in Parker Dam," ACI Journat, Apr. 1941; Proceedings V. 37, p. 549. 
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Fig. 3—Dynamic modulus of elasticity, expansion and compressive strength of 1:2 mortar 

specimens. High alkali (1.14 percent) cement, "GS" -+ Russian River sand + 0 to 10 

percent of thirty to eighty mesh opal from dredger dumps near Roseville, California. All 
specimens cured in sealed containers. 


Modulus of elasticity by dynamic method 


It has been suggested that it might be possible to detect any undue 
reaction at an earlier period through the dynamic modulus of elasticity 
method than through expansion measurements. 

To test the value of this suggestion a number of 1 x 1 x 10-in. mortar 
bars were fabricated containing 24%, 5, and 10 per cent opal. 
cent of the type of opal used would produce excess expansion in a short 
period and that 5 and 10 per cent would produce successively less expan- 
sion, thus affording an opportunity to determine the comparative merits 
of the expansion vs. modulus of clasticity methods of test in a short 
time. 


It was known from previous long time expansion tests that 24 per 


The results of this test series up to 24 weeks are well illustrated 
Fig. 3. It will be noted that while there is definite evidence of falling 
modulus of elasticity at three weeks, the decrease is so slight as to be 
unreliable as a control test. In only one case (24% per cent opal) had the 
elastic modulus lowered appreciably even in six weeks. On the other 
hand, in six weeks the expansion results had assumed a very definite 


pattern which became more marked at each successive measurement 
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period. At the same time, however, there was no increase in the elastic 
modulus of any of the opal treated specimens after two weeks, except 
to a slight extent in the case of the least reactive 10 per cent opal content 
specimens, whereas the specimens to which no opal had been added have 
shown a steady increase throughout the entire period to date. 


As most reactive sands contain smaller percentages of reactive mineral 
and are, therefore, ultimately less reactive than any of the synthetic 
sand tests reported above, the dynamic modulus test does not appear 
to be a dependable substitute for length measurements insofar as an 
accelerated test is concerned. 


PERMISSIBLE ALKALI CONTENT 


The earlier California studies indicated that 0.5 per cent maximum 
alkali content would be safe insofar as objectionable expansion in a 
comparatively short period was concerned and California specifications 
at first limited the alkali content to this amount. 


Subsequent tests indicated that 0.60 per cent alkali apparently might 
be tolerated in the California brands of cement, therefore, although 
it was realized that the lower the alkali content apparently the better 
the cement insofar as expansion reactions are concerned, the permissible 
limit was increased to 0.60 per cent in order not to work an undue hard- 
ship on those cement companies which might find a lower percentage 
difficult to comply with without a substantial increase in manufacturing 
cost. 

Later test data indicate that it may be desirable to return to the 
original limit of 0.5 per cent or even less with some aggregates. One 
brand of California cement containing 0.67 per cent alkali has been 
found excessively reactive in a comparatively short period. There has 
been another instance where even a 0.45 per cent alkali cement mortar 
has developed disturbing expansion in 32 months under certain condi- 
tions of test. A 0.51 per cent alkali cement mortar has developed expan- 
sion of over one-tenth of one per cent in 32 months using a standard 
commercial sand from Ventura County. (Fig. 4). 


SUMMARY OF KNOWN FACTS AND SUGGESTIONS FOR FUTURE 
RESEARCH 


Known facts 

1. Deterioration of concrete results in certain cases through a reaction 
between some mineral constituent in the aggregate and the alkalies in 
cement computed as Na*0+ K°0. 

2. The intensity of the reaction is related to the alkali content of the 
cement (Fig. 4) and likewise to the percentage of reactive mineral in 


” 


the aggregate increasing up to some “‘pessimum”’ amount of reactive 
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Fig. 4—Expansion of sand cement mortars as influenced by the type of sand and alkali 
content of the cement. 1:3 plastic mortar mix. Specimens cured in sealed containers. 
Cement “HP" is a puzzolanic type cement. 
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Fig. 5—Expansion effect of different percentages of two high reactive rocks. Rock particles 

substituted in percentages shown for an equivalent percentage of neutral Russian River 

Sand. High alkali (1.14 per cent cement used throughout. 1 x 1 x 10-in. mortar speci- 
mens, mix 1:2. 


Opal d from ger dump near Roseville, Calif. tRock 28038 has been identified as one of the con- 
stituents of Ore Fino sand and was secured from ledge deposits found in Monterey County. 





aggregate particles and thereafter decreasing to the point where the 
reaction is such as to produce no excess expansion products of a nature 
or intensity sufficient to cause rupture (Fig. 5). 

3. Opal has been definitely proven to be at least one highly reactive 
mineral and with one exception is an essential part of all California 
rocks identified as reactive. 
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TABLE 2 


Comparative expansion in millionths of an inch per inch of 1” x 1” x 10” mortar bars 
of a 1:3 mix of a highly reactive sand and cements of varying alkali content. Data are 
arranged in order of relative expansion at 8 months. Figures also show extent to which 
order of expansion in some cases was reversed at 32 months. See Fig. 4 for further 
details. 


Expansion in Millionths in. per in. 
Alkali Content SS ees 
32 Months 


Cement Percent 8 Months 

Ss 1.14 1910 3190 
FS 0.92 1660 3810 
EL 0.92 892 5040 
DL 0.90 645 4060 
CL 0.77 590 3900 
BL 0.51 27 1100 
AS 0.45 —40 350 


4. Other rocks not definitely identified as containing opal have been 
found reactive in combination with high alkali cements of certain brands. 
Suggestions for future research 

1. Development of suitable accelerated test procedure to determine 
reactive characteristics of any coarse or fine aggregates. Procedure 
should standardize on the cement, particularly with relation to the 
nature and per cent of alkali; also the cement content of the mix and 
storage temperature. 

2. Extent and under what conditions different size aggregate particles 
are objectionably reactive. 

3. Determination of exact nature of the reactive mineral or minerals. 

In the case of opal which has been definitely proven reactive, ascertain 
if all opals are equally reactive and if not the composition of the most 
active type. 

4. Difference in reactive characteristics, if any, of the sodium and 
potassium in cement and the most reactive form; i. e., water soluble, ete. 

5. Reactivity of Ca(OH)s. 

6. Extent to which silica or puzzolana admixtures in cement affect 
the reaction and the relative merits of different admixtures of this 
type. (Fig. 6). 

7. Other possible correctives. 

8. Determination of the duration of activity of the reaction factors 
and probable maximum intensity. (Fig. 4). 

In connection with the last suggestion, it is interesting to observe the 
trend of the reactions illustrated in Fig. 1 and Fig. 4. In the test series 
the results of which are illustrated in Fig. 1 the sand (No. 4) which showed 
the greatest reaction in 8 months (0.12 per cent) reached a peak in 16 
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PERCENT SUBSTITUTION 
FOR EQUIVALENT PERCENTAGE OF CEMENT 


Fig. 6—Effect on expansion through substitution of different powdered rocks, for an equiv- 

alent percentage of cement in an expansive mortar composed of high alkali (1.14 per 

cent cement, Russian River sand and 10 per cent lcs siliceous magnesian limestone 

No. 28039. All substitutions ground to pass a 325 mesh screen. 1 x 1 x 10-in. mortar 
specimens; basic mix, 1:2. 


to 20 months (0.17 per cent), whereas sand No. 1, which developed 
considerably less expansion in 8 months (0.07 per cent) had developed 
a much higher expansion (0.52 per cent) at 36 months and was still 
expanding. A similar condition is noted with relation to the different 
cements when the sand type is kept uniform (Fig. 4). Cement GS 
(1.14 per cent alkali) which showed the greatest expansion in 12 months 
(0.26 per cent) peaked at 24 months at 0.33 per cent whereas cement EL 
(0.92 per cent alkali) has passed GS and is still expanding at 32 months 
(0.51 per cent). 
By MR. PORTER* 


The conditions accompanying early failure in 1932 and 1933 of a 
concrete pavement (constructed 1927) on the Coast Highway in Ventura 
County, California, called the attention of the writer to the possible 
action of alkali in the soil on the cement and aggregate. 


A gel, later identified as an alkali aggregate reaction, was observed. 
Although the trouble at that time was attributed to alkali, the source 
was assumed by the writer to be the subgrade soil rather than the cement. 
It was reasoned that sodium sulfate from the soil might have reacted 
with calcium hydroxide in the concrete to form calcium sulfate and 


*Senior Physical Testing Engineer, California Division of Highways. 
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sodium hydroxide. While it is now evident that the high alkali cement 
used on the project could fully account for the alkali aggregate reaction 
it is possible that alkali from the soil contributed to some extent toward 
the early and complete disintegration of the pavement in this case. 
The possibility of a similar action with a low alkali cement should not 
be eliminated from consideration, therefore, where the soil, water or 
aggregate contains water-soluble salts of sodium or potassium. 

It is believed that two cases involving extensive popouts, expansion 
and cracking in the basements of large buildings in Los Angeles can be 
laid to the presence of water soluble sulphates including sodium sulphate 
in the ground water and thus to an aggregate-alkali reaction. In these 
basements extrusions of gel are numerous and expansion is pronounced 
as indicated by both popouts and cracking. On the other hand, the 
condition of the concrete is good on the outside walls above the ground 
water table as well as in the interior columns and walls. Although the 
alkali content of the cement in these two basements is not known it seems 
logical to assume that the trouble is not due to a high alkali cement, 
otherwise, some evidence of reaction should be apparent in the massive 
walls and columns above the ground water table. 

Following the Ventura pavement trouble in 1933, study was directed 
to the source of alkali in other pavements and structures. Sodium 
carbonate had been found as an incrustation on failed structures where 
the source of the sodium was restricted to some ingredient of the con- 
crete mix and it was reasoned that the sodium was in the form of sodium 
hydroxide in the concrete prior to carbonation on coming in contact 
with the air. The water and the aggregates used in concrete pavement 
and structures showing distress had been subjected to tests for alkali and 
water soluble salts during construction, but it was known that many of 
the minerals in the aggregate contained sodium. 


BASE EXCHANGE 


Many speculations regarding the availability of the sodium or potas- 
sium present in some of the shales, cherty shales and feldspar found in 
the sand and gravel were studied and attempts were made to liberate 
the sodium by base exchange reactions. 

The base exchange reaction was investigated by treating the finely 
powdered aggregate with distilled water to eliminate all soluble lime 
compounds and then with a normal sodium chloride solution followed 
by washing until the filtrate no longer showed a reaction for chlorides. 
The sample was next treated with a calcium chleride solution and again 
washed with distilled water until the filtrate no longer yielded indications 
of lime after which the material in the filter was treated with a normal 
sodium chloride solution and the filtrate tested for calcium compounds. 
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In the finely pulverized aggregate so treated only a slight indication of 
base exchange was indicated. 

Several hundred specimens, hand selected to represent the various 
types of suspected rocks and minerals, were also placed in calcium 
hydroxide solutions which were protected from carbonation. Observa- 
tions were carried on for over a year, but all the specimens showed no 
indications of reacting in the calcium hydroxide solution. 

Although these considerations are very interesting and merit additional 
study, any attempt to account for the alkali through base exchange 
from the aggregate does not satisfy the California problem as the same 
aggregate has in many cases been used with both good and bad results, 
the latter always when the reactive type of aggregate is used with a 
high alkali cement. Many pavements and structures constructed 10 
to 20 years ago with aggregates from the same sources, but with cement 
from sources manufacturing a product normally low in alkali, are still 
in good shape _ If a serious reaction can eventually result from the 
presence of sodium and potassium in the silicate minerals of these aggre- 
gates when used with low alkali cement, very long time tests will be 
required as much construction of this type shows no excessive expansion 
or cracking after a score or more years of service. 


AGGREGATE 


Although the presence of opal in the relatively small percentage of 
chert and shale particles in the California aggregate can account for the 
high alkali cement aggregate reaction in all but one case (Friant sand), 
the very active attack of sodium hydroxide on silica and silicate minerals 
in general makes it easy to comprehend the many similar failures now 
reported elsewhere which on first glance bring under suspicion many of 
the igneous and metamorphic rock types that have been used extensively 
as aggregate throughout the world. It is reasonable to assume that the 
action is largely due to the presence of some specific reactive mineral 
or minerals rather than to the particular rock types as such. At least 
it is hard to conceive that the unaltered essential minerals of granite, 
rhyolite and andesite are causing the trouble with the high alkali cement. 
If this were so, the widespread use of such aggregates would make it 
necessary always to use a low alkali cement to safeguard the work. It 
is much more likely that weathering and leaching have altered the 
minerals of the suspected reactive igneous aggregates or that some 
accessory or secondary minerals are included. As an indication of one 
possibility, vesicular basalt intrusions near the coast of California con- 
tain some calcite, zeolites and opal. It is believed that these secondary 
minerals were deposited in the vesicles or small gas holes since the rock 
solidified. 
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Another possibility is that the weathering of some igneous rocks results 
in microscopic remains of opal or some other silica or silicate minerals 
readily soluble in a caustic solution on or near the surface of the rock 
particles. It is not unusual for weathering, particularly arid conditions, 
to result in complex coatings or incrustations on the surface of aggregate 
particles of any petrologic type present in the area. The ‘‘caliche” type 
gravels commonly found in the desert regions of California, Arizona 
and other western states are an outstanding example of complex weather- 
ing and precipitation. While the ‘‘caliche’’ coatings contain a large 
amount of calcareous material they may also include clay, gypsum, 
soluble silica, alkali and many other compounds and impurities resulting 
from weathering and precipitation. It is clear that aggregates carrying 
such complex surface coatings should be thoroughly studied in con- 
nection with high alkali cement-aggregate reaction. Such coatings may 
not only contain reactive minerals, but may also contribute additional 
alkali tending to accelerate the expansive reaction. Before the problem 
of high alkali cement-aggregate reactions can be answered, it will be 
necessary to develop tests to readily and positively detect the presence 
of reactive minerals. 


CHERTS 


Cherts have been the subject of much concern for many years and 
many investigators have studied their suitability for use in concrete. 
Much confusion of the subject results from the fact that chert is not a 
definite type of either rock or mineral and varies from soft, light weight, 
porous material to hard, dense, flint-like particles approaching quartz 
in density and hardness. Furthermore, cherts range in composition 
from the hydrous silica opal to chaleedony and with or without various 
inclusions and impurities. The studies made in eastern states until 
recently have centered on the durability of cherts under conditions of 
freezing and thawing. California studies of recent years have concen- 
trated on the effect of chert in concrete at moderate temperatures, but 
with high alkali cements. Both types of cherts (opal and chalcedony) 
are common in California, but investigations clearly indicate that the 
excessive expansion with a high alkali cement is due to the opaline type 
and never to the pure chalcedonic type. 

During an extensive trip through Illinois, Michigan, Indiana, Missouri 
and Kansas in the summer of 1939, the writer inspected many of the 
gravel deposits containing chert and also obtained specimens of some of 
the types of cherts found in the limestone quarries and gravel deposits. 
This inspection trip plus identification tests on typical samples secured 
indicate that cherts commonly found in the limestone quarries consist 
largely of chalcedony; however, small inclusions of opal were found in 
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the ground mass of some specimens. Considering the probable origin 
of the chert in mid-western limestone formations, it appears probable 
that some opal may be included in many of these deposits. Whether 
the opal is ever present in sufficient amount and in a form readily avail- 
able for reaction with a high alkali cement requires additional study. 

The sand and gravel in Michigan, northern Indiana, and northern 
Illinois contain a considerable amount of chert which has been deposited 
along with many other igneous and metamorphic rock types by glacial 
drift. The chert particles vary widely in color, density, texture, luster, 
etc., but it is probable that chalcedony is the predominating mineral. 
Many of the pieces, however, pop and split apart when heated in a flame, 
suggesting the presence of hydrous silica. Petrographic studies indicate 
the presence of opal in some of the gravel particles obtained from the 
area. Considerable study would, of course, be required to determine if 
an appreciable amount of the cherty gravel contains opal, as the glacial 
drift containing chert extends over a large area and, furthermore, the 
original source of the material extends back over the course of the glacier 
for a great distance. Gravel from the Kaw River in Kansas consists 
largely of chert. Some of the particles apparently contain opal. It was 
of considerable interest to the writer to find that some gravel deposits 
on US-50 between St. Louis and Jefferson City, Missouri, which had 
been transported by streams flowing north from the Ozark Mountains, 
consist largely of chert particles. 

Tests reported by Walker and Bartel* show a relatively high solu- 
bility in sodium hydroxide for chert from commercial sources (pre- 
sumably eastern and midwestern) which also suggests the presence of 
opal or some other form of silica more soluble than pure chalcedony. 

In view of the trouble experienced with chert in concrete in eastern 
and midwestern and southern states and the fact that opal is quite often 
found associated with chalcedony, it will be of interest to learn whether 
the map-cracking and excessive expansion of concrete containing chert 
in these sections is associated with the use of high alkali cement. An 
examination of such concrete for the presence of sodium silicate ‘“gel’’ 
associated with the typical high alkali cement-aggregate reaction in 
California might assist in clarifying the problem. 

CONCLUSION 

From the standpoint of the safe acceptance of aggregate for possible 
use in important concrete construction with high alkali cement, the 
problem becomes more complex from day to day as trouble similar to 
that observed in California is reported from many widely separated 
sections of the country. The types of rock and minerals already impli- 


*Stanton Walker and F. F. Bartel, “Discussion on the Soundness of Chert’’, Proceedings of 43rd Annual 
Meeting A. 8S. T. M., 1940, Vol. 40, p. 1044. 
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cated by the failures reported are usually included in some form or other 
in most sand and gravel deposits. Examination of the aggregates in- 
volved clearly indicates that the usual type of analysis, including petro- 
logical classification and standard tests, as well as any special tests now 
available and suitable for rapid acceptance determinations, are entirely 
inadequate to preclude the use of aggregates containing reactive minerals 
other than opal. Aggregates which in many respects are similar to the 
material present in construction now reported to be affected by the 
high alkali cement-aggregate reaction are undoubtedly still being used. 
It is, therefore, imperative that the reactive mineral or minerals in each 
case be positively identified at an early date. In the absence of this 
information or a reliable rapid test for the reactivity of the aggregate 
with high alkali cement, many aggregates which may subsequently prove 
to be entirely suitable must be questioned until a service record or 
suitable accelerated or long time expansion results with high alkali 
cement are obtained. The problem is of special importance in many 
western states where commercial aggregates with long service records 
are not economically available for construction in many localities and 
it is necessary to continually develop aggregates from new and unproven 
local deposits for major bridge, highway, and dam construction projects. 


By MR. MEDER* 
STUDIES TO DEVELOP CORRECTIVES 


There is no doubt but that the expansion in the California case is 
caused by a reaction between hydrous silicates soluble in the presence 
of a strong base, and the alkalis in the cement. It seems reasonable to 
assume that these alkalis are converted to alkali hydroxides by the 
hydration of the cement, and are then in a position to act upon any 
reactive material available. 


Throughout the study of the alkali-aggregate reactions, they have 
been assumed to be and therefor spoken of as somewhat ordinary chemi- 
cal reactions between the alkali constituent of the cement and hydrous 
silica, or opal in the aggregate. These reactions do not take place under 
the usual chemical conditions where there is free mobility of the reacting 
components. In concrete there is a very limited amount of free water, 
insufficient even to moisten a paper when pressed against a freshly broken 
surface. It is under such a practically dry condition, with solutions that 
are probably very concentrated, that these reactions are progressing. 
It is interesting to note that even in the presence of a very limited amount 
of water, there is sufficient accumulation of moisture at any point of 
reaction to produce wet areas, and even to form drops of fluid that exude 


*Assistant Physical Testing Engineer, California Division of Highways. 
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down the sides of the specimens. This water is undoubtedly concen- 
trated from a large area surrounding the reactive particles. 

Under the study of correctives, one thing should be kept in mind. 
The reaction that causes the expansion is somewhat tied up with the 
development of a form of sodium silicate. According to some authorities 
sodium silicate, when painted on concrete surfaces, for hardening pur- 
poses reacts with the calcium hydroxide rc'eased by the cement to form 
a calcium silicate and sodium hydroxide. If this reaction actually takes 
place there is no reason why the same action should not take place in the 
presence of the sodium silicate formed by the reactions of the alkali 
and the opal, thereby resulting in the continued regeneration of Na(O/). 
If such is the case, then the only possible corrective would be one which 
would convert at least some of the alkali into a harmless form, prefer- 
ably an insoluble compound thereby reducing the alkali content of a 
cement to a point where there is insufficient to develop expansive forces 
of sufficient magnitude to disrupt concrete. 

Correctives 

Possible correctives may be divided into groups: (a) cement treat- 
ments and small additions designed to alter the alkalies into modified 
or harmless salts, and (b) siliceous or puzzolanic admixtures. 

It was felt that if the alkali hydroxides coyld be converted to chlorides, 
the chlorides, being neutral, would not react upon the soluble silicates. 
To this end, bars were fabricated with the high (1.14 per cent) alkali 
cement, a reactive sand, and 0, 1%, and 3 per cent CaCl,. The CaCl, 
failed to reduce the expansion. 

Somewhat later, similar attempts were made to reduce the expansion 
by the use of ferric and aluminum chloride. These salts were used in 
25 per cent, 50 per cent, 100 per cent, 150 per cent, and 200 per cent of 
the equivalent of the alkali oxides in the cement. The theory was that 
through the reactions 

FeCl; + 3Na (OH)——Fe(OH); + 3NaCl 
or AlCl; + 3Na(OH)——-Al(OH),; + 3NaCl 
the highly basic compounds that were apparently causing the expansion 
might be altered to such an extent as to be rendered harmless. As in 
the case of CaCl, the FeCl; and AICI; failed to reduce the expansion, 
but on the contrary materially increased it. 

Since all of the attempts to reduce expansion by converting the alkali 
hydrates to chlorides failed so completely, it was decided next to deter- 
mine the effect of sodium and potassium chloride added to the mortar. 
Sets of specimens were fabricated using high and low alkali cement and 
a neutral sand to which had been added 10 per cent of the reactive rock 
No. 28039. Sodium and potassium chlorides were added in amounts 
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from 0 to 10 per cent by weight of the cement. Briefly, the results at 
90 days were as follows: with high alkali cement but no NaCl addition, 
the expansion was 0.66 per cent. When NaCl was added, the greatest 
expansion (0.90 per cent) was with the 0.5 per cent addition. The 
expansion then fell off slightly with increased percentages of NaCl 
dropping to 0.47 per cent with 10 per cent addition. With the low alkali 
cement, there was no expansion without the NaCl, but with 0.5 per cent 
the expansion was 0.13 per cent and with 2.5 per cent it was 1.07 per 
cent or considerably greater than with the high alkali cement, a pheno- 
menon which requires further investigation. 

Similar results were obtained with potassium chloride except that 
the magnitude of expansion to date has not been as great. 

A study is now being made of the effect of NaCl and KCl upon cement. 
It appears, from very sketchy data now available, that the basicity of 
the cement is increased considerably by the addition of the chloride, 
about 25 per cent more acid being required for a titre than with the 
plain cement plus water. 

The next step in the search for a corrective was the addition of a 
finely divided opaline material which it was thought might react with 
and consume the alkalies before they could noticeably attack the coarser 
sand particles. Accordingly, specimens were fabricated containing 0, 
l and 3 per cent (by weight of the cement) of diatomaceous earth. This, 
likewise failed to reduce the expansion, but rather increased it. 

One of the early suggestions offered to explain the expansion was the 
possible reaction between magnesium carbonate in the siliceous mag- 
nesian limestone No. 28039 and sodium hydroxide to form a hydrated 
sodium carbonate which would have a much greater volume than the 
total volume of the reacting components. It was felt that if this were 
the cause of the expansion, then finely powdered MgCO; might react 
with the hydroxide in the early plastic stages, thereby reducing the 
ultimate expansion. 


Tests with MgCO; as an admixture likewise failed to reduce the 
expansion, but rather tended to increase it slightly in most cases. 


A sodium alginate was next tried. When 3 per cent was added by 
weight of the cement, the expansion was reduced by 50 per cent, but was 
still 0.2 per cent at 8 months. Smaller amounts of the sodium alginate 
had practically no effect. 


Next in order was vinsol resin. When used in the very low proportions 
in which this resin is customarily used, it had practically no effect, but 
when used in much greater proportions (0.5 and 2.0 per cent) a large 
amount of air was entrapped thereby inducing a large void space. The 
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higher percentages reduced the expansion noticeably, but they also 
slowed the set and seriously reduced the strength. 


According to an article in the Industrial and Engineering Chemistry, 
Industrial Edition, Vol. 33, No. 5, May, 1941, Page 692, sodium sulphate 
was added to cement to increase its resistance to sulphate action. Al- 
though it was not felt that this admixture would help in this particular 
problem, because as can be seen from the following reaction 

Na,SO, + Ca (OH)*————-2NaOH + CaSO, 
the sodium hydroxide would theoretically be greatly increased, never- 
theless it was decided to make a few tests along this line. As was ex- 
pected the specimen which contained 4 per cent of sodium sulphate 
by weight of the cement showed very high early expansion. 


So far, the only material other than siliceous admixtures, which has 
proved effective in reducing expansion has been aluminum powder. 
this powder reacts with the alkali as follows 


2Al + 2NaOH + 211.0 2NaAlO, + 311, 


Very small amounts of the aluminum powder are necessary to reduce 
expansion, 0.01 per cent by weight of the cement reducing the expansion 
nearly 60 per cent, while 0.05 per cent reduces it to a negligible amount. 
It is not understood why the aluminum is so effective. The sodium 
aluminate is very unstable, and in the presence of water is strongly 
alkaline on account of hydrolysis, and further, in the presence of air, 
decomposes as shown 


2NaAlO, + CO*® + 3H20 ~2Al (OH)s + Na,COs. 


If its efficiency is due to the removal of the Na from the reaction, then 
the additions of the chlorides should be more effective, but it has been 
shown above that they are not. Likewise when in contact with air, 
the Na,CO; formed by the breakdown of the aluminate should cause 
expansion, because sodium carbonate acts very much like sodium hy- 
droxide in these reactions. The other possibility lies in the void space 
formed by the expulsion of hydrogen gas which greatly fluffs up the 
specimens, and offers innumerable small voids to relieve any expansion. 
If this is true, then the mortars containing the higher percentages of 
vinsol resin should have shown less expansion, because in that case 
also there was a high volume of void space caused by air entrapped while 
the mortar was being mixed. 

Puzzolanic or siliceous admixtures 

The study of correctives has led into the field of puzzolanic materials. 
The value of a cement of this type was first realized when a high silica 
cement, with an alkali content of 0.78 per cent failed to show expansion 
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with a sand that developed a highly expansive reaction with standard 
cements of equal alkali content. 

The first thought was that any apparent beneficial effects of a siliceous 
admixture might be due to a reaction between the alkalies and the added 
siliceous particles in the cement before the alkalies had any opportunity 
to react with the soluble silica in the coarser aggregate particles. Sur- 
prisingly, however, several series of tests using a constant weight of 
cement and 5, 10, 15, 20 and 30 per cent of finely powdered siliceous 
material did not indicate a proportional reduction in expansion, even 
with the 30 per cent addition. 

Of the four siliceous materials tested in this series, ‘‘Monterey Shale,” 
essentially a shale from the Miocene period, when crushed and calcined 
at 1000 to 1200 F., was most effective. This shale has very good puzzo- 
lanic properties when measured either by compressive strength in com- 
bination with calcium hydroxide, or by the “floc method.” However, 
other silica dusts having equal or greater puzzolanic properties, when 
measured by the same tests, were apparently ineffective in reducing ex- 
pansion, even when added in amounts up to 30 per cent. 

A second series of tests was then put up in which the puzzolanic 
material was substituted for an equivalent weight of cement, the sub- 
stitutions ranging from 0 to 50 per cent in increments of 10 per cent. 
As a measure of the effect of the siliceous material, one set was put up 
in which the cement was decreased, but no siliceous material added to 
take its place, except the added fine aggregate to compensate for the 
reduction in cement. 

In this second series (Fig. 6), ground Ottawa sand, a crystalline silica 
was effective only in the higher amounts. On the other hand, the Mon- 
terey Shale, Opal and rock No. 280388 (an opaline chert). were effective 
in the 20 per cent substitutions, at which the expansion was negligible. 
When compared to the results when the cement was reduced, but with 
no puzzolana substitution, at least part of the reduced expansion, can 
be attributed to an alkali-admixture reaction. 

Effect of type and amount of alkali 


Some study has been made of the relative influence of sodium hy- 
droxide and potassium hydroxide, although, as California cements are 
generally richer in the sodium than the potassium hydroxide, our work 
on the latter has necessarily been limited. However, in one series of 
tests, 0.89 and 1.78 per cent NaOH, and 1.25 and 2.50 per cent K(O/H) 
were added to a low alkali cement, the lower additions bringing the 
alkali content of the low alkali cement up to, and the higher additions 
bring the same cement up to 1.6 times the alkali content of the high 
alkali cement. In this series, the high alkali cement, the low alkali 
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cement + 0.89 per cent Na(OH) and the low alkali cement + 1.25 per 
cent K(OH), all developed approximately the same expansion, indicating 
that when used in equi-molar amounts, the sodium and potassium 
hydroxides react very much the same. 

In order to study the effect of the amount of alkali as influenced by 
the cement factor, a series of tests were made using high and low alkali 
cements in 1:1, 1:2, and 1:3 mortars with alkali concentrations as follows: 





———— = Sal SS : 
CEMENT | GRAMS OF ALKALI PER GRAM OF NO. 28039 
—— IN THE MORTAR* 

Ident. Percent Na,O 








ee 1.2 1.3 


AS 0.45 | 0.073 0.036 0.024 
GS 1.14 0.184 0.091 0.061 


| 


*5 per cent reactive rock No. 28039 added to the sand content of the mortar. 


The results of this series have been rather interesting. All of the 
specimens made from the high alkali cement started to expand early 
and have shown continuous expansion. The 1:1 specimens showed 
the highest early expansion, but were overtaken and passed by the 1:2 
specimens at 5 months. The 1:3 specimens have now, at 21 months, 
practically overtaken the 1:1. 

None of the specimens containing the low alkali cement showed any 
expansion for the first six months, and up to 21 months, the 1:2 and 1:3 
specimens have shown only shrinkage. However, shortly after the six 
months period, the 1:1 low alkali cement specimens began to expand, 
and at 21 months show expansion almost equal in magnitude to that of 
the 1:3 high alkali cement specimens. 

It is not understood why the 1:1 specimens made with the high alkali 
cement failed to maintain the highest expansion. However, in the series 
mentioned above where Na(OH) and K(OH) were added to the cement, 
it was noted that the lower per cent added showed a high expansion 
equaling that of the high alkali cement. The higher additions (1.78 
per cent NaOH and 2.50 per cent KOH) did not show expansion to the 
same extent; rather, the expansion with the Na(O/H) was only .08 per 
cent and the K(OH) only .03 per cent at 18 months. Is there an alkali 
content above which the reaction is retarded instead of accelerated? 
Possibility that such is the case is strengthened by the results described 
above in the series where NaCl and KCl were added to the mortars. 
In this series, a maximum expansion was developed when the amount 
of the added chloride was far below the maximum addition. 
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By MR. NICOL* 


THE NEED FOR A COMPARATIVE PETROGRAPHIC STUDY OF VARIOUS 
KNOWN REACTIVE AGGREGATES 


Concrete failures in various areas of the country involving aggregates 
of many types has swelled the list of reactive materials to at least a 
score or more. As this list grows, there comes a great need for the 
study, correlation, and tabulation of the petrographic features and 
peculiarities of each rock to ascertain with some certainty, if possible, 
which mineral constituent or combination of minerals in the rock com- 
position is responsible for the expansive reaction. 


Several rock types have to date been definitely proved to be injurious. 
Our own California experience has emphatically demonstrated the 
expansive reaction tendencies of siliceous magnesian limestone, opaline 
chert, opaline cherty shale, opalized wood, and other materials that 
contain opal.t Tests on the mineral opal in practically pure form reveal 
this mineral definitely is the cause of expansion in many aggregates. { 


In California, vast areas of Miocene sediments contribute these opaline 
sedimentary materials to the streambed aggregates in percentages vary- 
ing from 1 to 25 or more. It is evident that at least one of the major 
causes of our concrete failures is directly related to these opaline materi- 
als and necessary steps to reduce the proportionate amounts of such 
deleterious particles have been made. 


However, we are now confronted by reports of concrete failures from 
various localities in which rhyolite, andesite, phyllite, felsite, granite, 
feldspar, and many other types of rock are believed to be a causative 
factor.** In some reports no mention is made as to the types of aggre- 
gates involved. Wherever possible, an attempt has been made to secure 
samples of these aggregates for comparative study. To date, several of 
these types have been secured including the andesites and rhyolites from 
the Parker Dam, the phyllite from Buck Hydro Plant in Virginia, the 
Cowlitz River sand from the State of Washington and several chert 
gravels from Kansas, Missouri and Illinois. Our petrographic examina- 
tions of the past mentioned chert gravels reveal that a large percentage 
of the chert particles contain mainly chalcedony or cryptocrystalline 
silica. In addition, an optically isotropic mineral having the properties 
of opal was detected as minute inclusions throughout the ground mass 
~ ¥Miner al Technologist, California Division of Highways. 


. E. Stanton, ‘Expansion of Concrete Through Reaction Between Cement and Aggregate” Pro- 
ceedings of the A. 8. C. E., Dec. 1940. 


tT. E. Stanton, id., ‘Sept. 1941. 
+*HT, S. Meissner, “Cracking in Concrete Due to Expansive Reaction Between Aguzeente and High- 
Alkali Cement as Evidenced in Parker Dam” ACI Journat, April, 1941; Proceedings V. 37, p. 549. 
H. A. Kammer and R. W. Carlson, “Investigation of C auses of Delayed E ~~ Se “a Concrete in 
a Hydroelectric Plant” ACI Journat, June, 1941; Proceedings, V. 37, p. 665. 
Bailey Tremper, ‘“E vidence i in Ws ashington of Deterioration of Concrete Through Reactions Between 
Aggregates and High Alkali Cements’, ACI Journat, June, 1941; Proceedings V. 37, p. 673. 
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in many of the particles. It would be of interest to analyze typical 
eastern and midwestern cherts further to determine the amount of opal 
present as the inclusion of a very small amount has caused an expansive 
reaction with high alkali cement in California. It is also possible that 
the fine aggregates from these areas may contain even higher percentages 
of opal than the coarse aggregates, but typical cherty sands from mid- 
western areas have thus far not been given sufficient detailed study to 
determine the frequency and concentration of opal. 

A petrographic examination of the samples we have available of the 
Cowlitz sand from Washington, the andesites and other voleanic rocks 
from Parker Dam, and the Phyllite from Virginia has thus far either 
failed to indicate the presence of opal or at least lends support to the 
contention that they do not appear to contain it in any percentage which 
could account for their claimed reactive properties. 

It at once becomes apparent that there may be some other mineral, 
or possibly a combination of minerals, responsible for the expansive 
reaction of these rock types. Inasmuch as the Parker Dam rocks and 
the Cowlitz River sand are largely volcanic in origin, evidence appears to 
point towards some mineral other than opal causing the trouble, possibly 
some silicate mineral having properties related to those of opal. The 
occult minerals in the groundmass of various volcanic aggregates, there- 
fore, become a problem of immediate concern, and work on this phase 
is now underway. The phyllite from Virginia may possibly contain 
some form of cryptocrystalline silica that is reactive, but it does not 
appear that this silica is of an opaline type. 

It is noteworthy that the common rock names now associated with 
various failures are confusing and inadequate for indicating any potential 
reactive tendencies the rock may have. Certainly the great percentage 
of andesite and rhyolite aggregates that have been used the world over 
have been very satisfactory in concrete. The same must hold true with 
felsite and granite and any of the others that now have acquired a certain 
stigma because of their association with some concrete failure. The 
reactive mineral ingredients of these rocks must be known! When this 
information is available most of these rocks will, in all probability, be 
found to have at least one, and possibly two or more, mineral com- 
ponents that are definitely responsible for the expansion. There may be 
several reactive minerals that thus far have escaped detection, 


THE SIGNIFICANCE OF OPAL 


To date, in our laboratory investigations, opal is the only mineral 
found to be reactive, at early stages at least, in combination with high 
alkali cement. The one notable exception to this statement is the mineral 
selenite (crystalline hydrous calcium sulphate, or gypsum) which causes 
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considerable expansion. The cause of the expansion in this case is not 
regarded as of the same type of reaction as in the case of opal. It is 
believed that the selenite causes an expansion through combination 
with tricaletum aluminate in the cement to form a tri-calcium sulpho- 
aluminate, with an attendant increase in volume.* This expansive 
action may not, for the present, appear to be of very great importance, 
but it should not be completely ignored because the presence of gypsum 
has been established as one of the mineral constituents in the so-called 
“alkali” coatings on aggregates from certain areas. More will be said 
about gypsum further in this article under the subject of “Reaction Rims 
vs. Surface Coatings.” 

Dismissing the selenite or gypsum for the time being and proceeding 
to a consideration of opal, proof that this mineral is responsible for the 
expansive reaction in concrete has an interesting history. The siliceous 
magnesian limestone No. 28039 was the first rock definitely proven to 
be reactive in concrete, and being available in sufficient quantity from a 
ledge deposit, it was adopted as the standard for all comparison tests. 
The rock was analyzed both chemically and petrographically. From 
these analyses the mineral composition of the rock was formulated. 
Samples of each mineral species present were then secured, and fabri- 
cated separately into expansion bars with a high alkali cement. The 
various mineral species were obtained either from commercial mineral 
companies, or from California localities. The results of these studies 
indicated expansion only with opal. None of the other species of min- 
erals present in the rock gave any expansion, 

The problem of isolating the reactive mineral or minerals in any 
rock is involved and difficult, It is suggested that a systematic method 
of approach can be applied to any suspected rock along lines similar to 
those used on the siliceous magnesian limestone, 

Several varieties of opal were tested for expansion, and in all cases 
an expansion of considerable magnitude was observed, depending on 
the percentage used. Whether all varieties of opal are equally reactive 
is not yet known, nor has the composition of the most active opaline 
material been established, It is felt, however, that the water content 
of the opal is of great importance concerning solubility in alkalies, and 
that probably the opal with high water content may be more reactive 
in concrete than one with low water content, Further work needs to be 
done on this subject. 

Most of the other minerals which were tested in the same manner as 
opal gave either negligible expansion, or else showed shrinkage. Thus, 
the tests on opal have to date been conclusive. The results have great 


*T. BK. Stanton and LC, Meder, Resistance of Cements to Attack by Sea Water and by Alkali Soils’, 
ACT Jounnan, Mareh-April, 1038S; Proceedings V. a4, p. 433 
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significance inasmuch as opal is one of the predominating minerals in 
certain siliceous shales and cherts of the Miocene formaton encountered 
in the streambed deposits throughout California.* 


Considerable research work has been done by various investigators 
on the properties of opal.t A great amount of this work has been directed 
toward the properties of opal upon dehydration.{ Little work appears 
to have been done on the expansive properties of silica gel, or on the 
expansive tendencies of opal or opaline material when subjected to water 
or alkaline solution. In considering the determinations and conclusions 
of the work that has been done, it seems fairly reasonable to assume 
that expansion is a natural attendant result upon hydration of an opaline 
material. Much work is needed in this field to determine the magnitude 
uf the forces involved. 


Opal is formed in various ways in nature and the mode of origin and 
conditions of formation are varied and complex. Comparatively little 
is understood about opal as a product of weathering. Under the action 
of various agencies feldspars, as well as other common minerals in most 
igneous rocks, are prone to be altered into other substances, depending 
on exposure conditions and the composition of the original minerals. 
Orthoclase, for example, when acted upon by water carrying carbonic 
acid gas may be chemically changed into either kaolin or muscovite with 
silica and potassium carbonate. The important feature in regard to our 
problem is that the silica originally liberated by this chemical action 
can, under some conditions, later be dissolved by alkaline solutions and 
redeposited in the form of opal. This is probably true for any variety 
of silica regardless of its origin. Other changes may take place during 
weathering, the nature and significance of which have not been suffi- 
ciently studied thus far. The experiments of Spezia are of interest in 
this regard.** Some of the simpler reactions help us to account for the 
presence of opal, theoretically, at least, in practically any weathered 
rock, and we should expect to find much of it on the surface of the par- 
ticles. In certain instances where concrete failure has been believed due 
to feldspar aggregates, it is safe to assume that the weathered products 
were probably responsible for some of the trouble.*** 


All aggregates known or regarded to be suspicious should be studied 
to verify the presence of opal. It is highly possible that most, if not all, 
of such materials will be found to contain either hydrous silica (Opal) 
or some other, as yet unknown, but related form. 


*R. D. Reed, “Geology of California’. 

TR. > Sosmun, ° “Properties of Silica’. 

tN. L. Taliafero, “‘Some Properties of Opal”, American Journal Science, Vol. 229-30, 1935. 

+7. Ww. Clarke, ‘Data of Geochemistry,” U.S. G. 8. Bull. 770, 1924. 

***J. C, Pearson and G. F. Loughlin, ‘An Interesting Case of Dangerous Aqaregate’ ’, Concrete, April, 1923. 
Homer Hadley, ‘‘Concrete in Sea Water’’, Proc. A. 8. C. E., Jan., 1941 
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REACTION RIMS VS. SURFACE COATINGS 


The work by the Bureau of Reclamation, the Washington State Depart- 
ment of Highways, and other investigators, as well as by the California 
Division of Highways, indicates that in some cases there is a reaction 
between the alkali in the cement and some mineral constituent on the 
surface of certain aggregate particles. The photographs shown in various 
articles and publications indicate very clearly that there is an altered 
boundary surrounding many types of aggregates. 


Inspection of samples of disintegrated concrete shows that in many 
cases there has been action upon the surface of different aggregates. A 
detailed inspection and classification of the various aggregate particles 
indicates a wide variety in petrographic types which show this reaction 
rim or boundary. In the case of samples of concrete from the Parker 
Dam, the writer has observed what appears to be rims of soft gel-like 
material surrounding very hard and durable particles that so far have 
not been placed in a suspicious group. Further study of these reaction 
rims under ultra-violet light has shown many different kinds of aggre- 
gates to be involved. It would appear that the reaction rim or boundary 
is not always associated with aggregates that are known to cause expan- 
sion in concrete. Likewise it has been found that the fluorescent rims 
surrounding aggregate particles are not always related to a deleterious 
type of material.* 


Since most gravel particles weather from the surface inward, the 
soluble products formed by this weathering can be leached from the 
material, but the insoluble products remain. After a gravel particle 
has been in concrete for some time it is a very difficult task to determine 
what products of weathering coated the particle at the time of its incor- 
poration into the concrete. Since the alkali reaction affects some aggre- 
gates from the surface inward, it is noteworthy that this reaction does 
not always proceed to a very great distance within the particle. This is 
in complete contrast to our California experience, in which we normally 
find the entire particle consumed by the reaction. In many instances 
inspection of disintegrated concrete shows only the reaction products, 
and in such cases it is impossible to determine what type of rock was 
originally present. Our preliminary work, therefore, was done on those 
aggregate particles which were only partially effected. 

During February, 1941, the writer had the pleasure of visiting the 
Parker Dam. A side trip was made to the Bill Williams River where 
most of the aggregates were obtained for the construction of the Dam. 
A few remaining stockpiles of this material were examined, and it was 
noticed that many of the aggregate particles had white or cream colored 





*T. E. Stanton, op. cit., September, 1941, 
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coatings on their surfaces. Although the coatings are mainly calcium 
carbonate, several specimens having coatings were found to contain 
some gypsum, in addition to other substances as yet unidentified. Recent 
findings on alkali coatings of aggregates from California indicate that in 
addition to calcium sulphate and carbonate, these coatings may also 
contain varying amounts of sodium and potassium salts. The author 
believes that many reaction rims or boundaries seen in concrete disin- 
tegration are due more to surface coatings than has heretofore been 
recognized. This is suggested as an explanation of the association of 
reaction rims with aggregates not regarded as deleterious. Also worthy 
of note is the possibility of expansive reactions when aggregates carry 
very high percentages of coated particles. 


AUTOCLAVE TESTS 


Reference has been made in an earlier report by T. E. Stanton* to 
some tests on feldspars and other materials in the autoclave using normal 
sodium hydroxide and sodium carbonate solutions respectively under 
high pressure and temperature. 

This work was done in a check on claims from various sources question- 
ing the durability of feldspar aggregates in concrete, particularly with 
regard to a possible reaction involving the alkali in cement. 

In addition to the feldspars, other types of materials were tested, 
including three varieties of opal, several varieties of andesite (Parker 
Dam), siliceous magnesian limestone No. 28039, and sands from various 
California commercial sources including Coyote, Oro Fino, Saticoy, 
Marysville, and Atascadero. The feldspars included orthoclase, micro- 
cline, oligoclase, andesine, and labradorite. The specimens were ground 
smooth on one face to facilitate subsequent observations. The sands 
were carefully graded before treatment. All specimens were submerged 
in the test solution for six days at a pressure of approximately 300 psi., 
and a temperature of 430 F. 

The materials which contained opal or hydrous silica were badly 
corroded and dissolved as a result of the treatment with both the sodium 
hydroxide and the sodium carbonate solutions. All five of the feldspars 
(which were moderately fresh specimens, obtained through Ward’s 
Natural Science Establishment) were only partially affected, the depth 
of the corrosion being of insufficient intensity to warrant further com- 
ment. The andesites from the Parker Dam likewise showed little, if 
any, effect other than a surface action. Several different types of this 
rock were treated representing various textural phases of the material, 
but none seemed to suffer to any appreciable extent, compared with the 
opal specimens. 


*T. FE. Stanton, op. cit., September 1941, 
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Fig. 7—Specimens attacked by NaOH solution in autoclave 


Upper left and right, Siliceous Magnesian Limestone showing warping and swelling of 
opaline areas; Lower left, wood opal interior unaffected, with corroded surface layer; 
Lower right, milky vein opal also shows corroded surface layer. 


A peculiar effect was noticed with the specimens of siliceous mag- 
nesian limestone, differing materially from straight opal and the other 
materials. This rock showed corrosive effects only in certain streaks and 
layers. Some increase in volume was discovered along certain portions 
of the specimen which resulted in a buckling and warping on the surface 
to a maximum depth of about /% in., (Fig. 7). In various portions of 
each piece of this rock minute isometric crystals of analeime were formed. 
Petrographic study of these samples revealed the fact that the swelling 
action had taken place only in those portions of the rock which contained 
a high percentage of opaline silica. The three definite types of opal 
used in the experiment were all deeply corroded, and a porous specimen 
which contained finely divided opal was bleached and softened com- 
pletely through by the alkaline solutions. 

The sands under this very severe treatment were bleached, and the 
corrosive action of both alkaline solutions somewhat reduced the grain 
size of various minerals. It was noted that the fresh feldspars, although 
not originally present in a very great amount in the sands, were at least 
capable of surviving the test, but were etched and corroded, as were 
many other grains of various minerals. The oplaine chert and shale 
particles, however, were severely corroded and dissolved, or greatly 
reduced in size. 
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To a certain extent practically all silicate minerals including the many 
varieties of quartz are soluble in alkaline solutions. A consideration 
of the solubility of opal by comparison with these more resistant minerals 
shows it to be much higher in the order of relative solubility. Therefore, 
a test to detect opal must utilize those conditions which favor its ready 
or easy solubility as against the combined total solubility of the pre- 
dominating amount of resistant minerals in the bulk of the sample. It 
was apparent at the outset that the conditions of this autoclave experi- 
ment were far too severe to expect to distinguish between the satisfactory 
and the deleterious sands. The test was made only to ascertain the 
resistance of the feldspars. 

Our conclusions up to the present are that fresh feldspar certainly is 
not readily acted upon by alkalies under ordinary conditions of tem- 
perature and pressure. It would not appear on present evidence that 
feldspar should be regarded as a deleterious mineral in concrete, Other 
investigators have on various occasions suggested that feldspars may 
have been a contributing cause in certain cases of concrete disintegration, 
In order to link conerete failure to feldspars with high alkali cement, the 
solubility of the feldspar would be of paramount importance. An early 
reference to the solubility of feldspar in alkaline solutions is that of B.C. 
Stevenson.* Reference to this article indicates that the action of alkali 
on various feldspars is negligible under ordinary conditions of tempera- 
ture and pressure, but that some action does take place with the formation 
of various zeolites under high temperature-pressure conditions in steel 
bombs for a long period. 

The results of our experimental work show conclusively that the only 
proven reactive material encountered in the California aggregates 
investigated which has ready solubility in the presence of alkaline 
solutions is opal. Present studies may soon reveal certain silicates or 
occult minerals, other than opal, in the matrix of various reactive vol- 
canic aggregates that may be a contributing cause of the high solubility 
of these materials in sodium hydroxide solutionst, as well as a possible 
cause of the failure where they were used as aggregates. Much work 
needs to be done on this problem, however, before any very definite 
conclusion can be reached. 


*Journal of Geology, 1916, Vol. 24. 
tR. Schwartz, Zeitachr. Anorg. Chemie., Vol, 76, 1012, 


Discussion of this paper should reach the ACI Secretary in triplicate 
by Apr. 1, 1942, for publication in the JOURNAL for June, 1942 
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LEWIS H. TUTHILL, ROY W. CARLSON, CHARLES H. SCHOLER, RAYMOND E, 
DAVIS, and since the Convention, J. C. WITT and closure by T. E. STANTON. 


In the absence of Mr. Stanton and of his colaborators from the Con- 
vention, Professor Carlson gave a summary of the subject under dis- 
cussion. Reference should be made also to other papers which serve as 
background: In addition to the paper by Stanton and associates pub- 
lished in January 1942, see also “Cracking in Concrete Due to Expansive 
Reaction between Aggregate and High Alkali Cement as Evidenced at 
Parker Dam,” Meissner, ACI JourNna, April, 1941; “Investigation of 
Causes of Delayed Expansion of Concrete in Buck Hydroelectric 
Plant,’’ Kammer and Carlson; “Evidence in Washington of Deteriora- 
tion of Concrete through Reactions between Aggregate and High 
Alkali Cements,” Tremper; “The Nature of the Process Leading to the 
Disintegration of Concrete with Special Reference to Excess Alkalis,”’ 
Berkey——all three, ACI JourNaL, June, 1941, 


By I { S ME ISSNI Rt 


In this paper is found an excellent summary of those disclosures 
which, within the past two years, have revealed a peculiar and pernicious 
action responsible for certain cases of concrete deterioration, Once the 
key to this particular enigma was discovered the list of mysterious fail- 
ures for which it afforded explanation has multiplied. The first report 
may have been received with mild interest and classified as another of 
those agitations which have periodically disturbed the concrete industry, 
to wit: specific surface versus the honorable 200-mesh sieve, compound 
composition versus oxide ratios, sulfate resistance, autoclave expansion 
and special cements. But it cannot now be assumed that the malady 
exists in California alone, that it may be quarantined there while the 

*ACT Jounnan Jan, 1942; Proceedings V. 38, p, 200 

{iengineer, U. 8. Bureau of Reclamation, Denver, Col 
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world blithely continues to produce high-alkali cement in the hope that 
no uninformed engineer will combine it with any (so-called) “bad” 
aggregate. We must admit that much concrete is deteriorating because 
of reaction between aggregate and cement of inordinate alkali content, 
and it may be suspected that there is a great deal more. So much so, 
that we cannot look accusingly at the aggregates alone. 


The easiest solution to this problem would appear at first glance to 
be simply the avoidance of reactive aggregates. Such a step would 
necessarily first require a fairly reliable recognition test. Bitter exper- 
ience permits us to be wary of certain sources, but there does not yet 
seem to be any method which will, in reasonable time, allow us to prove 
prospective materials. However, assuming that this were possible, it is 
likely that a suspicious aggregate would still have to be used. For 
example, the fine-grained igneous rocks, such as suspected in the Parker 
Dam concrete, are common constituents of many natural aggregates and 
would not be easily avoided, much as that might be desired. Of course, 
if we were given a choice between two otherwise equal materials, sound 
judgment would dictate the use of the one found to be least active with 
cement, On the other hand, it is well to ponder the fact that some of the 
aggregates, which experience now brands unacceptable for use with high- 
alkali cement, have passed all acknowledged tests for judging their suita- 
bility and were considered good materials. It has been demonstrated 
that they will make excellent concrete with low-alkali cement and should 
therefore not be condemned for having been mismated. Nature has 
provided us with these aggregates and we should not find fault simply 
because man’s product disagrees with them. We do not trim the foot 
when a shoe pinches, but secure a proper fit instead, and it seems that 
the same remedy is logical for the troubles under discussion. 


This point of view has additional support in the growing feeling that 
surface crazing and cracking may be associated with alkalies in cement. 
KMvidence that this may be true is presented in the accompanying figures, 
These are photographs of the top surfaces of concrete slab specimens, 
made with cements of various alkali contents, which have been exposed 
to the weather. The slabs are 4- by 24- by 24-in. and were cast out of 
doors and compacted for seven seconds by external vibration on the 
bottom of the mold after hand rodding the corners and sides. Following 
placing, the concrete was screeded and, when the bled water had returned 
into the conerete, it was finished with a minimum of steel troweling. 
Curing consisted of three days under wet burlap, followed by eleven days 
of continuous water spray, all conducted out of doors. At the conclusion 
of this curing period the slabs were placed on a building roof and once 
daily drenched with ice water. 
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CEMENT -~142% ALKALI CEMENT -142 % ALKALI 


10% QUARTZ 80% QUARTZ ~- 20% SIL. MAG, LIMESTONE 


Fig. A—Concrete slabs exposed to weather 
Quartz aggregate, Mix 1:2.72:9.72, W /« 0.60, Age 56 days 


The slabs of Fig. A were all composed of a crushed pegmatite quartz 
aggregate using four different cements whose total alkali content ranged 
from 0.18 per cent to 1.42 per cent. This aggregate is being used as a 
uniform, pure, non-reactive material for control work in studies on the 
action of alkalies in cement on aggregate and has to date given no indi- 
cation of expansion with high-alkali cement. After fifty-six days exposure 
it will be noted that the amount of surface checking on these slabs is 
distinetly in the order of increasing alkali content of the cement used, 


In big. Bare shown two other groups of slabs in which were incorpor- 


ated the two cements of greatest and least alkali content, used in the 
series above, The specimens on the left were made with quartz aggre- 
gate and are duplicates of the upper left-hand and lower right-hand slabs 
in Fig. A. Twenty per cent of siliceous magnesian limestone, which Mr. 
Stanton has found to be so reactive, was used to replace that quantity 
of quartz aggregate in making the two slabs on the right of Fig. B. The 
unfortunate results of combining this material with a high-alkali cement 
are very apparent in the lower right view, In addition to the larger 
expansion cracks on this slab is a finer, secondary, pattern of crazing 
which in varying degree is observed on some of the other slabs. However, 
the significant thing to be noted in this group is the absence of checking 
on the conerete made with low-alkali cement and quartz aggregate. 


ae 
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CEMENT -1.06% ALKALI CEMENT ~1.42% ALKALI 


Fig. B—Close-up of concrete slabs exposed to weather 
Mix 1:2.72:2.72, W/C = 0.60 by weight, Age 36 days 


When this same non-reactive aggregate was used with high-alkali cement 
a crazed surface resulted. In fact the checking is observed more in the 
lower left photograph than in the upper right where low-alkali cement 
was combined with reactive aggregate. The results portrayed in Fig. B 
confirm those in Fig. A and suggest the desirability of low-alkali cement 
regardless of the type of aggregate used. 


The reaction between aggregate and cement has been found as the 
explanation for deterioration in two further cases of concrete disintegra- 
tion under study by the Bureau of Reclamation. One of these is a con- 
crete pavement in Nebraska, laid in 1931 with cement found to have 
contained 1.35 per cent total alkalies. One year after the pavement was 
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Fig. C and D—Kimball, Nebr., pavement 


laid the concrete was found to be expanding to such an extent that the 
curbs were being pushed out of plumb (Fig. C) and the expansion joints 
began to show distress following their complete closure. ‘To relieve the 
expansion, the joints were chipped open and a strip of sidewalk adjacent 
to the curb was removed. Within another few years the expansion joints 
were again closed, the pavement buckling and adjacent panels riding 
over each other. The joints were once more chipped out to widths of 
one to three feet and filled with asphaltic concrete which must now be 
periodically leveled off as the compression upon it causes it to bulge. 
The aggregate used in this pavement has been tested for expansion in 
mortar bars, using cements of both high- and low-alkali content, results 
of which are depicted in Fig. Ek. This material, which by petrographic 
examination was found to contain small amounts of chaleedonic and 
opaline silica, is observed to react with high-alkali cement but to give 
negative expansion with a low-alkali cement. 


Mortar bar tests on another aggregate, which expands with high-alkali 
cement but shows no such reaction with low-alkali cements, are also 
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Fig. E—Expansion of 2 by 2 by 10-in. 1:2 
mortar bars 
Stored at 100 F. in sealed containers in pres 
ence of moisture 





Fig. F and G—Idaho underpass, constructed 1934 
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illustrated in Fig. I. This material has been used in at least one impor- 
tant structure in Idaho, which now shows the characteristic marks of 
expansive cracking (Fig. F and G), Although the alkali content of the 
cement used in this structure is not definitely known, the present day 
analysis of the product from the mill which furnished the cement, and 
which is thought to be similar, shows it to contain 1.05 per cent total 


alkali. 


Mr. Stanton’s description of expansive cracking which has occurred in 
roadway concrete at Fresno, Calif., in which aggregate from the San 
Joaquin River was used bears elaboration, since aggregate from this 
same general source is being used in the construction of much important 
work in California, Fortunately, the Bureau of Reclamation, acting on 
the series of disclosures beginning with Mr. Stanton’s startling article* 
first describing his observations on concretes and mortars made with 
certain aggregates and high-alkali cement, and culminating in its own 
experiences at Parker Dam, took immediate steps to restrict the alkali 
content of all cement contracted for its major construction work, On 
the assumption that chemically equivalent amounts of sodium oxide and 
potassium oxide have equal effects in concrete, a limit was established 
by the formula: NaeO + 0.658 K,O shall not exceed 0.6 per cent. By 
the prompt exercise of engineering judgment, when events dictated the 
advisability of controlling the alkalies in cement, it appears that difficul- 
ties with a potentially reactive aggregate have been avoided, The wis- 
dom of such a move seems, in this particular case, to be established, 


By ROGER RHOADES} 


The studies by Mr. Stanton and his associates appear to confirm the 
suspicion previously held that, of all known reactive aggregates, opaline 
silica is perhaps the most virulent. The complications of its behaviour 
under various conditions of testing lead to apparent anomalies and curious 
ambiguities which are at present unexplainable but which will eventually 
prove to be invaluable clues to the specifie explanation of the mechanisms 
involved in expansive deterioration of concrete, 


The positive and conspicuous results of Mr, Stanton’s experiments with 
opaline silica, as contrasted to the mainly negative results of his experi- 
mentation with other materials, tend to direct suspicion toward opaline 
silica as the cause of any given case of suspected alkali-cement-aggregate 
reaction. For this reason, it is perhaps pertinent to reiterate that in many 
instances the aggregates used in obviously affected concrete apparently 

*T. I. Stanton, “Influence of Cement and Aggregate on Concrete Expansion,” Engineering News-Record, 


Feb, 1, 1040, 


(Geologiat, U. 8. Bureau of Reclamation, Denver, Col, 
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do not contain opal and appear to owe their reactivity to the presence of 
other ingredients. The papers under discussion cite Friant sand as an 
example of non-opaline aggregate with reactive tendencies. Parker Dam 
(California-Arizona)*, Buck Dam (Virginia)t, and highway structures in 
the State of Washington{t are other examples, among many, which 
clearly exhibit expansive deterioration although apparently containing 
no opaline constituents. On the other hand, the concrete at Kimball, 
Neb., whose amazing expansion is described in a companion discussion 
by Mr. Meissner, was fabricated with an aggregate which contains small 
amounts of opal which doubtless reacted in a manner contributing to the 
observed deterioration. 

Mr. Stanton’s experiments indicate a direct production of siliceous gel 
by alkaline leaching of individual pieces of opaline aggregate. One is not 
rigorously justified in concluding, in instances in which the specific react- 
ing constituents of a complex aggregate have not been isolated, that an 
associated silica gel has originated by comparable simple reaction with 
an unknown mineral constituent of the aggregate. If, however, one 
tentatively accepts that conclusion, it is profitable to examine the possible 
mineral sources of the siliceous gel. Opal, being notoriously unstable in 
alkaline solutions, is a very adequate source when present. Speculations 
and experimentation revolves around the possibility that under certain 
conditions similar release of silica might be accomplished by reaction of 
cement constituents with (1) natural glass, (2) certain chalcedonies, and 
(3) silicate minerals. 

The basic volcanic glasses (amorphous, siliceous, and frequently 
hydrous admixtures of variable composition) have been specifically sus- 
pected of reaction in some quarters. As a common constituent of the 
fine-grained igneous rocks, glass commonly, if not usually occurs in 
western aggregates. 

Typical chalcedony perhaps is no more to be suspected of potential 
reactivity than quartz. However, authoritative conjecture surrounds 
the possibility that some chalcedony verges toward an opaline character 
in becoming hydrous, and the question naturally arises as to the possi- 
bility of such types also assuming other similarities to opaline silica, per- 
haps even becoming potentially reactive in alkaline environments. Con- 
fusion surrounds this issue, partly because the chaleedonic material is 
frequently so fine-grained as to preclude satisfactory microscopic study ; 
it is possible that opaline material minutely disseminated in chalcedonic 
aggregates may escape observation and yet impart opaline properties 
"*H, S. Meissner, “Cracking in Concrete Due to Expansive Reaction Between Aggregate and High 
Alkali Cement as Evidenced in Parker Dam,"’ ACI Jounnatn, April 1041; Proceedings V. 37, p. 549. 

tA. H. Kammer and R. W. Carlson, “Investigation of Causes of Delayed Expansion of Concrete in 
Buck Hydroelectric Plant,” ACI Journan, June 1941; Proceedings V. 37, p. 665 


tBailey Trem ver, ‘Evidence in Washington of Deterioration of Concrete Through Reactions Between 
Aggregates and High Alkali Cements,"’ ACI Journnat, June 1041; Proceedings V. 37, p. 673. 
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which appear to pertain to the enclosing chalcedony. ‘This point im- 
pinges directly upon the problem of the potential reactivity of cherts and 
gives force to Mr. Nicol’s suggestion that cherts of different varieties be 
intensively investigated. The same considerations apply to many meta- 
morphic rocks and to some fine-grained rocks of igneous origin which 
contain chalcedonic constituents. 


Of the numerous silicate minerals, feldspar has come most commonly 
under suspicion, probably more because of its prevalence than because 
of any unusual chemical instability. Laboratory investigations by Mr. 
Stanton tend to vindicate feldspar of deleterious reactivity in concrete 
and the satisfactory service histories of many concretes containing felds- 
pathic aggregate (including granite) might seem to confirm this vindica- 
tion. Mortar bars containing various feldspars, made and tested by the 
Bureau of Reclamation have so far failed to exhibit significant expansions. 

In view of our meager understanding of the mechanisms of alkali 
reaction, the possibility cannot be eliminated from consideration that 
reactions within the cement paste, with the aggregate playing no essen- 
tial role or a purely passive one, may under some conditions contribute 
silica to form gels similar to the exudations which have been observed. 
Glassy phases of unhydrated clinker possess analogies to the natural 
glasses now under suspicion and the same analogies, although perhaps 
with less force, may apply to the “‘amorphous constituent” of hydrated 
cement. 


Minerals other than silicates may react in concrete but not in the 
manner under discussion inasmuch as they cannot be sources of silica. 


It can profitably be reiterated that minerals may be normally unreae- 
tive in the environment of concrete and yet rendered susceptible to 
reaction by weathering or by some other of the many complex and 
variable processes of alteration which may confuse the history of any 
rock, especially in igneous environments. Or, as Mr. Nicol specifically 
comments, the products of weathering or other alteration may be reac- 
tive and may collect in the interior or on the surface of otherwise non- 
reactive rocks. Simple weathering of common minerals is thought com- 
monly to form mineral substances which could be suspected of reactivity 
(e.g. opal). As Mr, Nicol points out, a reaction between cement and a 
weathered coating surrounding an aggregate particle might form envelop- 
ing rims of reaction product which closely although erroneously simu- 
lated reaction with the particle itself. 


Some of the earliest conceptions regarding apparent cement-aggregate 
reactivity in concrete involved observations of rims surrounding aggre- 
gate pebbles. Such rims are so frequently and conspicuously associated 











236-10 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE Suppl. Nov. 1942 


with suspected concretes that they are commonly accepted as indicators 
and criteria of “abnormal” reaction, (the term “reaction rim’? has come 
into common but unfortunately undiscriminating use). This connota- 
tion of reaction has proved to be misleading in specific instances. In all, 
the following types of rims have been isolated by the Bureau of Reclama- 
tion: (1) reaction rims (rims actually formed by chemical reaction 
between a pebble and the enclosing mortar), (2) rims of deposition (formed 
by the deposition around the aggregate of material derived from other 
parts of the concrete, (3) weathered rims (formed by weathering of the 
pebble prior to its inclusion in the concrete), and (4) coatings (formed by 
the deposition of extraneous matter on the pebble prior to its inclusion 
in concrete), A fifth type of rim, not yet definitely recognized by the 
Bureau but suggested by Mr. Nicol’s discussion, would be the rim which 
may sometimes form around pebbles by reaction of the cement paste 
with coatings or weathered rims (without involving reaction with the 
internal substance of the pebble), It should be noted that although the 
term “rim” is used, exactly comparable materials may be associated with 
the aggregate in the form of coatings, injections along minute joints, and 
insinuations between an aggregate grain and its socket. Rims must be 
interpreted cautiously because they may indicate (1) reaction between 
the cement and the pebble in question, (2) reaction elsewhere in the 
concrete without chemical involvement of the pebble, (3) reaction with 
an extraneous coating or weathering product which is associated with the 
pebble, or (4) reaction which is in no way attributable to the cement 
(e. g. prior coating or weathering). 


The accumulation of voluminous empirical data concerning cement- 
aggregate reaction, to which Mr. Stanton and his associates have con 
tributed so compendiously, is a necessary background for the achieve 
ment of two fundamental objectives of this program of research, In 
the long run, those data are mainly valuable for their contribution to an 
explanation, in specific terms, of the intricacies underlying the expansive 
deterioration of concrete. In more immediate and wholly practical terms, 
such data must find application in tests for new aggregates and in tech 
niques of operation which will permit the fabrication of concrete struc 
tures which are free from the effects of deleterious chemical reaction 


The tests and techniques which are so necessary for current operations 
are, Of course, very imperfectly developed, even in empirical form; the 
Bureau of Reclamation, with a large number of projects in various stage 
of planning or construction, feels this lack very keenly, Laboratory 
experiments have indicated that expansive reaction can be duplicated 
under controlled conditions with a surprising variety of aggregate mater 


ials, but until the factors responsible for the reaction in each case are 
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more fully understood, it will not be possible to evaluate satisfactorily 
the potential reactivity of untried materials. Certain aggregates can be 
rejected because they contain mineral substances known to be deleterious 
(e. g. opaline silica). Certain other aggregates can be rejected because 
of their known records of reactivity in service (e. g. Bill Williams aggre- 
gate, used in Parker Dam), But in the absence of comprehensive criteria 
of potential reactivity, it is inevitable that many aggregates will be 
unjustly rejected and others, whose potential reactivity is unrecognized, 
accepted. Pending the development of testing techniques which will dis- 
tinguish in advance between chemically suitable and unsuitable aggre- 
gates, refuge can be had only in the specification of low-alkali cement; 
fortunately, reactions appear to be greatly decelerated, if not eliminated 
in most cases, by reduction of cement alkalies, 

If empirical testing techniques are regrettably lacking, we have pro- 
gressed an even shorter distance toward the explanation of the intricacies 
of cement-aggregate reaction, The relation between internal chemical 
activity and observable external distress of affected concrete is especially 
obscure, These complexities cannot at present be resolved into even 
tentatively satisfactory explanations but, whatever the manifold causes 
of expansive deterioration of conerete, it is certain that the combination 
of certain cements with certain aggregates is one condition which will 
bring it about, whether, in any given case, the role of the aggregate is 
causative, passive, or related only indirectly. The association of expan- 
sion with certain cement-aggregate Combinations is too easily observed 
in the laboratory to permit doubt on this point, 


By LEWIS H, TUTHILL*® 


The authors have made a worth while contribution to the literature on 
dangerous reaction between certain clements in cement and certain ele- 
ments in aggregate. It seems there is now no doubt but that the soda 
and potassa elements of the cement do bring about such a reaction, but 
the questionable elements of otherwise good aggregate are far less well 
known, ‘The authors have ably presented information which brings this 
contrasting situation into clearer perspective. A few of the implications 
of this situation are the subjeet of this brief discussion 

Along with the lengthening list of deteriorated concretes ino which 
cements having comparatively high percentages of the alkalies were used, 
there is a growing list of conspicuous examples, such as Mr, Stanton’s 
hig. 2, in which similarly exposed coneretes containing aggregate from 
the same sources, but cements of comparatively low percentages of the 
alkalies, continue in service in excellent condition, This has been 


*ingineer, Bureau of Keclamation, Denver, Col; 
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clearly demonstrated in the period of a few weeks by the contrasting 
condition of test slabs of concrete in which high- and low- alkali cements 
were used with an aggregate of proven reactivity. (Fig. A and B, Mr. 
Meissner’s discussion.) Among the ‘‘known facts’? enumerated in Mr. 
Stanton’s paper, the importance of the alkali content of the cement. is 
the most positive and also the most significant. 


The fact that concrete of reliable durability has been made and can be 
made with low-alkali cement and reactive aggregates is significant because 
it clearly points the only way to an immediate approach to security. 
There is still much unknown about what constitutes reactive aggregate 
under different conditions, how it may be unquestionably and fully 
identified, and what, if anything, can be done to eliminate or neutralize 
the reactive elements, but it 7s known how to make low-alkali cement. 
A fair premium for the added costs of making it in most cases would 
result in only a moderate increase in price. 


Because of the wide variety of aggregate components now plausibly 
suspected of containing elements that react with cement alkalies, at 
least under some conditions, it appears that the safest course, for those 
responsible for construction with concrete expected to give long service, 
is to require the use of low-alkali cement.* The premium will usually be 
modest or negligible when compared with the investment in the structure 
and the insurance against untimely disintegration, What a disappoint- 
ment and a burden it is to find that a structure must be replaced long 
before it has been paid for, much less served its purpose. 


The effects of high alkali have been so disastrous that a marked advan- 
tage has been given materials competing with conerete and the future 
and reputation of the concrete industry has been placed in jeopardy. In 
such a situation it is to the advantage of users to specify the use of low- 
alkali cement and to the advantage of the cement industry to encourage 
its use and to charge a rock-bottom premium for it. Any cement user 
not in position to purchase cement under his own specifications is at a 
particular disadvantage because he must use whatever is on the market. 
If that procedure Jeads to failure of the concrete, both the purchaser and 
the manufacturer of the cement are apt to be discredited. A community 
may be obliged to continue to pay for facilities which have long since 
disintegrated, whether replaced or not. Surely, when the answer is 
known, every one concerned is obliged to promote the manufacture and 
use of cement that may be used without question with any clean, struc- 
turally sound aggregate. 


*Since this was written, the War Production Board has issued General Limitation Order 170 which act 
to prohibit, among other things, the special manufacture of low-alkali cement, except for certain exemp 
tions which have been or may be granted as a result of suitable appeal. Mills normally producing low 
alkali cement are now ita only source except by special exemption from the order 
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In any event research should be continued for ultimately it will prob- 
ably reveal the nature of the reactive materials and how they may be 
identified, the nature of the reaction in concrete and possibly how it may 
be prevented, and probably much else that is not as yet understood 
regarding concrete durability. Regardless of how much may be learned 
about these things, it will never be more than a fanciful hope that reactive 
aggregates can be processed or treated to make them safe; but we can 
make, and should have generally available a safe, low-alkali cement. No 
one concerned can afford hereafter to overlook this means of assuring 
durability. 


By ROY W. CARLSON* 


Mr. Stanton mentions the question of accelerated tests, and among 
other things he points out that the temperature ought not to be raised 
above 140 F. We can repeat now what we said a year ago, that the worst 
expansion seems to obtain when the temperature is approximately 110 F. 
The worst temperature is not the same for all aggregate we have tested, 
but about 110 F. produces greatest expansion for most materials. The 
time required for beginning of the expansion is a little less with a still 
higher temperature, but the ultimate expansion does not appear to be 
as great. We now use both 70 F and 110 F for most of our tests and a 
good many other laboratories are doing likewise. 

The lower temperature is necessary to represent usual exposure and 
the higher temperature is helpful to get quick results because the speed 
can be multiplied many times by raising the temperature. 

Another effect relating to acceleration of expansion is that of size of 
the aggregate. We find in general that the smaller the size of the aggre- 
gate, the greater and quicker the expansion, particles between 50 and 100 
mesh being the worst. But in the case of extremely reactive materials, 
there seems to be a reversal of trend and sizes of about 30 or 50 mesh 
cause worse expansion than smaller sizes. A possible explanation is that 
the extremely fine material may react with the alkali while the concrete is 
still plastic and thus remove some of the potential expansion, 

tegarding the effect of aluminum powder, we found also that a small 
amount (about .OL per cent by weight of cement) does reduce the expan- 
sion. In the case of Stanton’s very reactive material, we found that a 
small enough percentage of aluminum to reduce the weight of the con- 
crete only very slightly reduced the expansion materially, The explana- 
tion has not appeared as yet; the amount of aluminum is too small to 
react with much of the alkali. 

Mr. Stanton’s paper indicates that opal is the only clearcut mineral 
that shows the aggregate-alkali expansion, In our tests we have included 


*Massachusetts Inetitute of Technology. Cambridge, Maas 
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many pure minerals and a number of them do give excessive expansion 
with high alkali cement. I will mention only one, mica; five per cent of 
muscovite mica in the aggregate causes excessive expansion in a few 
months’ time with high alkali cement in our accelerated test. 


By C. H. SCHOLER* 


This same problem or one very closely associated with it, has been 
observed as existing in Kansas, Nebraska, western Iowa and western 
Missouri for many years, probably 20 years or more. It first came to 
my attention about 1930 and several very brief preliminary studies were 
made to find out what might be the cause of the action. Because of the 
complexity of the problem and the rather superficial area covered in 
these studies, no definite conclusions have been reached. 


The one striking difference between the conditions observed in this 
area and those reported by Mr. Stanton is that in so far as the action has 
been reported to the speaker it has occurred only in this area in concrete 
mixtures deficient in coarse aggregate. The aggregate used in this area 
consisted of the natural sand-gravel deposits lying in the Platt, Republi- 
can, Kansas, and Arkansas river valleys. Without exception the amount 
of coarse material found is not sufficient to provide for a standard con- 
crete mixture. The actual coarse material (plus 14-in. size) varying 
from 5 to 35 per cent as the material is actually used in construction. 
The conditions as observed can probably best be brought to your atten- 
tion by quoting from a report which I made to the Kansas State High- 
way Department last fall. In this report I made the following comments: 


1, The amount and distribution of distress and deterioration observed indicates that 
it is of the utmost importance that the cause and means of eliminating the trouble be 
found. 


2. The variation in the performance record of different brands of cement would 
indicate the probability that the character of the cement contributes to the deteriora- 
tion observed. 


3. The fact that this type of disintegration in Kansas, Nebraska and Missouri is, 
in so far as studies to date indicate, confined to the use of so-called sand-gravel mixtures 
definitely shows that this aggregate is of the utmost importance in influencing this type 
of disintegration. 


4. Reports of a similar type of disintegration in California, and by the U. 8S. Bureau 
of Reclamation have, in many instances, been attributed to free alkali (sodium and 
potassium) in the cement combining with certain aggregates and producing destructive 
volume changes. This disintegration is so similar to that observed here, that the possi- 
bility of this being the active cause cannot be overlooked. Information to date, as 
based upon chemical analysis of the cements concerned, does not tend to indicate this 
relation. The cement having the poorest record is one having a low alkali content as 
compared to the rest in this series. 


*Kansas State College, Manhattan, Kan. 
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None of the cements has a high alkali content. All are relatively near each other, and 
of medium alkali content. It should be noted, however, that some are above the limit 
now recommended by the U. 8. Bureau of Reclamation. 

5. Preliminary studies indicate that sand-gravel from certain areas and chatt mix- 
tures of almost the identical gradation, when used in similar concrete, seldom, if ever, 
develop this trouble. 

6. This type of failure, while only recently given wide recognition, has been noted in 
structures and pavements in this area that are over 20 years of age (none included in 
this report). 

You will note from this that I did not rule out the fact that alkali 
content of the cement may have been the causative factor. However, all 
the observed instances of this difficulty have been found only in concrete 
markedly deficient in coarse aggregate. The alkali content of the cements 
involved in this study and the service record are shown in Table A: 


TABLE A—CEMENT RECORDS BY eee KANSAS CONDITION 


Number and Condition of Projects 
Brand 


Na.O K.O Eq. NasO 
Bad Fair Good Total 
A 15 15 7 37 0.195 0.410 0.464 
B 12 12 28 52 0.205 0.501 0.534 
C 11 4 12 27 0.278 0.631 0.693 
D 11 4 17 32 
Ko 10 5 11 26 0. 260 0.459 0.564 
F 7 6 5 IS 0.211 0.377 0.459 
G 7 4 9 20 0, 286 0.539 0.640 
H 1 23 37 64 0.232 0.394 0.491 
I l l 5 7 0. 203 0.500 0.531 
J | 6 19 26 0.199 0.317 0.408 
K l | 2 
L, 2 2 
M l l 


You will note that there seems to be no particular relation between 
the severity of action as observed and the alkali content. This leads 
me to raise two points in regard to the conclusions now tentatively 
accepted, that this type of disintegration can be controlled by limiting 
the alkali: First, granted that the reaction between the alkali of the 
cement and the aggregate is the sole cause of the deterioration does the 
limitation now imposed as to alkali content insure freedom from destruc- 
tive action or does it merely postpone the time of development? Second, 
Is there any possibility that cement X, for example, with a somewhat 
higher alkali content than cement Y may have a relatively high portion 
of the alkali effectively bound chemically so it will not cause disintegra- 
tion, and even though it does show higher alkali content than cement Y, 
it might be less active. 
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It seems to the speaker that it is likely to prove very difficult to control 
the unsatisfactory reactions between cement and aggregate by arbitrary 
controls of the composition of the cement. If this reaction is the cause 
of the unsatisfactory conditions observed in Kansas and the primary 
cause is the alkali content, it would seem that very severe restrictions 
might be necessary; probably both aggregates and cements and combina- 
tions of these materials will need to be thoroughly studied. 

Most certainly the problem is one worthy of our best efforts and one 
which in the future must be considered in all major concrete construction 
projects. 

By RAYMOND E. DAVIS* 


I should regard it as unfortunate if we gathered the idea that the 
alkalis were solely responsible for all of the ills that we have found in 
concrete so far as expansion is concerned, though it has, | think, been 
pretty well demonstrated that in certain cases the alkalis, in combina- 
tion with reactive aggregates, have been responsible in a very large 
measure for the excessive expansions that have been observed. One 
thing of interest to me is the wide variations in results of parallel tests 
made in different laboratories using different sands presumed to be non- 
reactive, with a small percentage of Stanton’s reactive aggregate. — | 
believe I am correct in saying that in the laboratory of the Bureau of 
Reclamation, Stanton’s reactive aggregate with Platte River sand, 
which was assumed to be non-reactive, exhibited practically no expan- 
sion with a high alkali cement; whereas, in the laboratory of the Uni- 
versity of California, Stanton’s aggregate in the same amount and size 
range added to a crushed limestone (nearly pure calcium carbonate) 
sand exhibited a more rapid and larger mortar bar expansion than to my 
knowledge has been found by any laboratory where the non-reactive 
aggregate was of siliceous character. It thus appears that the magnitude 
and rate of expansion which may be produced by a given amount and 
size range of reactive aggregate and a given cement may depend largely 
upon the remainder of the aggregate constituent. In other words, the 
presence of a particular mineral in small quantities in one sand may be 
productive of harmful effeets; but in another sand the same mineral 
may be harmless, There are a great many angles to this problem; it is 
not one to which we will get the answers immediately. 


By J. C. WITTY 


For the last year or two, the effect of alkali compounds on concrete has 
been a particularly active subject. T. Ie. Stanton observed some crack- 

*Professor of Civil Engineering, University of California; Chairman of the Convention session. 

tProfessor Davie wants to make clear that he refers to Platte River sand at Denver —a long way from 


Mr. Stanton's source, 
tTechnical Director, Marquette Cement Manufacturing Co, submitted subsequent to the convention 
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ing of concrete, and on the basis of a hypothesis, he made changes in the 
selection of materials which apparently has improved the situation 
greatly. There is a tendency, however, for this hypothesis to be accepted 
widely. This is not justified, on the basis of the evidence released so far. 


After listening to papers read at meetings of technical societies, and 
after reading papers published in journals, I am still waiting for sup- 
porting evidence in the form of numerical data. I do not question that 
cracks develop in some concrete, nor that some cracked concrete contains 
aggregates of undesirable quality, and cement having more than 0.6 
per cent of alkali compounds (calculated to sodium oxide). On the basis 
of the meager information that has been released, it would be a bold 
statement to say that the observed cracking is due to alkali compound 
reactions. The boldness increases when the alkali compounds. are 
restricted to those present in the concrete as placed, and then restricted 
further to those present in the cement as manufactured, 


That the deterioration of concrete is a serious matter is obvious. 
However, statements on the mechanism by which the deterioration has 
come about should not be accepted until evidence has been accumulated 
to demonstrate the proposition beyond a reasonable doubt. The accept- 
ance of statements, the accuracy of which has not been demonstrated, 
could bring about some very undesirable situations. For example, it 
would lead, probably, to unjustified limitations for the selection of cement 
and aggregates, and it would tend to retard further investigation. 


AUTHORS’ CLOSURE 


With the passage of time the full significance of the effeet of the sodium 
and potassium constituents of portland cement assumes a broader as 
well as a more perplexing aspect. 


The studies of the Reclamation Bureau as reported by Meissner not 
only check the data developed through the California studies but indi- 
cate that smaller quantities of alkali than now tolerated may be objec- 
tionable, even with apparently unreactive aggregates, 

Viessrs. Meissner, Rhoades and Tuthill have made an excellent contri- 
bution to the discussion of this topie, The work being done by the Bureau 


of Reclamation is thorough and outstanding in nature and therefore any 


contributions from that source deserve special consideration, 

While there are undoubtedly many cases where, as Meissner states, 
there does not yet seem to be any method which will, in reasonable time, 
allow us to prove prospective materials, nevertheless it appears well 
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established that whenever opal is present trouble may be expected. 
Therefore, all opal bearing aggregates should be suspect, and when they 
must be used, low alkali cement should be specified. The presence of 
opal can usually be rather readily detected by a few simple determina- 
tions, such as float separation and petrographic analyses. Furthermore, 
all 1:2 mortar test specimens of opal bearing aggregates and high alkali 
cements expand excessively in three months at 130 F. in sealed containers 
and possibly even in 28 days and at lower temperatures (Tables B and ©), 

The most significant development reported by Meissner is the crazing 
developed with high alkali cements even in the presence of normally 
unreactive aggregates, thereby indicating that alkali is a basically objec- 
tionable constituent of cement and should be held to a minimum. 

With reference to the reactive properties of some San Joaquin River 
aggregates similar to those used in the Friant Dam, built by the Bureau 
of Reclamation, the Bureau acted wisely in changing to a low alkali 
cement. The use of the silica (Pumicite) admixture with the Friant Dam 
low heat cement was an additional protective measure although this 
Pumicite has not been found as effective a corrective as other Puzzolana 
type silicas found in California (Table D). 

Carlson’s conclusion that 100 F. produces greatest expansion for most 
materials is of considerable interest. The California tests at elevated 
temperatures have been at 130 fF. The results at this temperature have 
been very erratic, sometimes less than at 70 F. and at other times mater- 
ially greater, Considerable work needs to be done on this phase but it 
can be stated that in general temperatures above normal accelerate the 
reactions and, therefore, provide one means of early determination of the 
probable reactive properties of a given aggregate, Certain unpublished 
data of the Bureau of Reclamation indicates that the ultimate magnitude 
of the expansions at high temperature is less than at 70 FF. There is 
ample evidence as will be noted from the data in Tables B and ©, that 
such is sometimes the case but that this reversal is more likely to occur 
with highly reactive aggreagtes than with the less reactive as far as can 
be judged from the limited scope of the tests to date, 

Carlson states that in his tests a number of minerals other than opal 
are showing expansive reaction with high alkali cement. Our studies also 
indicate that a similar reaction may take place with an unidentified 
mineral or group of minerals which constitute the ground-mass of some 
voleanic rocks. These findings not only complicate the problem, but 
lend support to the early contention that the alkalis in cement may con- 
tribute to an attack on constituents other than opal, 
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TABLE B—REACTION CHARACTERISTICS OF TYPICAL CALIFORNIA COM- 
MERCIAL SANDS, AND A FEW OTHER SELECTED SANDS 


1:2 Mortars 


Ident Sol. in 
No. Source NaQOH* 
28060 | Fair Oaks 0.60% 
| 
280063 Stoney Creek 0.19 
28004 jakersfield 0,22 
25070 Maryaville 0.38 
28072 | San Gabriel 0.14 
280734 in Fernando 0,12 
28074 Saticoy 2.00 
28080 Truckee Riv 1.87 


(Nevada) 


28081 Radum 0.16 


(Livermore) 


28082 Russian Riv 0.48 


25085 elton 0.10 
(St. Cruz Co 


28084 Coyote O87 


28087 Sacramento Kiv,, O75 
Redding 


25005 Otay Hiv 0.20 
(San Diego Co.) 


28102 S. J. River 0.80 
(at Herndon) 


28110 Palos Verdes 0,14 
(Cr, Pea Gir) 


25115 Std, Ottawa Trace 


25116 | Cowlite Riv 2,26 
(Wash, State) 
Slaughter H 
24118 Canyon-San 0,20 
Vicente Dam 


28110 Kaw River 0.10 
(Kanana) 


*Hureau of Heclamation Method 


I xpanasion in Millionths of an inch per inch 


Age at GS 
‘Test (1.07 Alk.) 

7OF | 1301 
28 da 120 60 
3 mo 280 230 
10 mo. 460 1300 
28 da 10 180 
jo mo 240 70 
10 mo 260 1340 
28 da 140 20 
Smo 200 40 
10 mo 240 HOO 
28 da 100 270 
3 mo 210 210 
10 mo 210 1770 
28 da 150 120 
4 mo 220 B50 
10 mo 200 70 
28 da 110 100 
4 mo mo 200 
10 mo 220 B20 
28 da 140 1460 
4 mo 240 b520 
S mo 2740 1780 
28 da 20 145 
4 mo 100 Oo 
S mo v0 220) 
28 da 20 0 
4meo Ho v0 
Smo ao ooo 
2s dla 0 oo 
oreo nO 20 
S mo “0 10 
28 da Ww ") 
6 mo vt) 200 
8 mo sO 120 
ZS da 0 wo 
3 mo 10 Th 
Smo 70 Pau 
25 ca Ww) Ww) 
dé mo 40 20 
Smo v8] 210 
28 cla. 10 10 
6 mo 110 140 
Smo 0 wo 
28 da 70 ooo 
Smo 110 “70 
i mo 10 1170 
Zs da, 20 2240 
bmo ow S160 
fh mo 100 4470 
25 da 0 210 
smo wo v0 
Smo Ww) v0 
Zs da ") 170 
3 mo oo “no 
i mo 770 BOO 
2S ca wm | sO 
ao mo Ho | Pr 
O mo 10 | 210 
28 da 40 220 
4omo oo AO 
6 mo wo 1100 


14 to 28 meal 


21 daya in 10 per cent NaOH solution 


Cement 


G 


1% 


70 I 


160 
3340 
(40 


10 
310 
0 
220 
oO 
S580 


10 
ZNO 
soo 


210 
vR0 
2s0 


170 
210 
800 


“0 
10 
ho 


oo 
10 
8720 
70 
10 
Wo 
70 
10 
Is) 


| 


Ss 


NaOH 


130 F 


60 
1400 
2750 

720 
2100 
1120 


210 
220) 
070 


120 
10080 
2060 


240 
m0 
40 


4) 
Jo0 
120 


25380 
4440 
20 


1440 
$720 
woo 


m0 
1570 


2320 


xO) 
1210 
2200 


xO 
120 
Hoo 


ISO) 
640 
wo 


1M) 
ono 
1680 


180) 
Hoo 
120 


ooo 
700 
780 


1700 
100 
2250 


200 
240 
20 
2470 
NOOO 
so40 


210 
820 
40 


aa0o 
1180 
m0 


AS 


(0.48 Alk,) 


10 
SU 
120 


10 
HO 
sO 


0) 
ov 
oO 


10 
SO) 
10 


sO 
10 
0 


20 
10 
0 


100 
120 
180 


“0 
70 
nO 

10 

10 

10 


so 
4) 
HO 


100 
70 
oo 


w 
170 
170 


10 
v0 
10 


20 
0 
Ww 


ov 
“0 
SU) 


0 
20 
20 


100 
uo 
100 
40 


0 
10 


130 1 


ow 
Ho 
70 
80) 
40 
260 


110 
mo 
oo 


4) 
110 
410 


0 
0 
“oO 


i 
20 
00 


it) 
Vo 
ISSO 


220) 
140 
wo 


imo 
oO 
“0 


200 
220 
120 


0 
oo 
60 


200) 
10 
0) 


200 
230 
160 


00 
110 
sO 


mw 
440 
63d0 


80 
10 
1460 


so 
20 
40 


1) 
i] 
“oO 


om 
1 
w 


130 
220 
200 


Solubility in 


NaOll does not appear indicative except with relation to probable opal content when solubility ia high 
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TABLE C—REACTION CHARACTERISTICS OF BLENDS OF RUSSIAN RIVER 
SAND AND THE HIGHLY REACTIVE ROCKS 


No. 28038 (Opaline Chert) and No. 28039 (Siliceous Magnesian Limestone) found in 
all local aggregates along the —s coast between Monterey and Los Angeles 
ounties 


All specimens cured in sealed containers at 70-80 F. and 130 F. 1:2 mortars. Ex- 
pansion in millionths of an inch per inch. 





Cement 
Age a naa — ~ 
Ident. Source at GS GS & AS 

No. Test (1.07 Alk.) | 1%NaOH (0.48% Alk.) 
70 F. 130 F. 70 F. 130 F. | 70 F. 130 F. 
RR Sand 28 da. — 20 430 110 2580 | —100 | —180 
28107A | +2144% 28038; 3 mo. 3520 5140 1980 3000 — 30 — 240 
6 mo. | 11560 9160 3190 3580 50 70 
| RR Sand 28 da. —10 | —180 30 1680 | —110 | —240 
28107B | +5% 28038 | 3 mo. 1810 300 2070 3960 —70 — 320 
6 mo. 5000 3660 6440 | 6200 —10 —60 
| RRSand | 28da.| 80, —90| 130) —170| —70  —160 
28107C* | +10% 28038 | 3 mo. | 320 | —220 1170 | —270 —20 | —280 
6mo.| 470 | —80! 4800 | 250 60  —120 
RR Sand 28 da. 430 3520 1390 2370 —40 10 
28105A +10% 28039 | 3 mo. 5490 5060 2370 2420 —90 220 
6 mo. 8470 5720 2660 2440 -90 3980 


*Note the corrective properties of 10 per cent of 28038. This checks all previous tests. 


On the other hand it is often difficult and sometimes impossible to 
positively identify all of the minerals in many aggregates and the presence 
of opal may escape detection. Ina number of instances a thorough petro- 
graphic examination has positively identified opal in aggregates which 
did not appear contaminated when first examined by casual methods. 
In view of the fact that all of the types of opal tested in the California 
studies have proved to be reactive a thorough search should be made for 
opal in all suspicious aggregates. This mineral has been positively 
identified in aggregates obtained from various locations in Pennsylvania 
and New York. This, together, with the fact that opal has been found 
in the chalecedonic cherts (sometimes referred to as lussatite) of the mid- 
West, clearly indicates that a reaction between high alkali cements and 
opal could account for some of the trouble in other sections of the coun- 
try than in California. As Mr. Rhoades clearly points out, the distribu- 
tion of opal in rocks and aggregates is widespread and, at least, cannot be 
restricted to local areas of Western states as contended by several. 


Professor Scholer has asked some very pertinent questions. As pointed 


out elsewhere, the Kansas situation has certain peculiar aspects not 
encountered in California. Our princlpal studies, of course, relate to the 
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TABLE D—EFFECT OF VARIOUS SILICEOUS BLENDS IN REDUCING THE EXPAN- 
SIVE REACTION OF HIGH ALKALI CEMENT AND HIGHLY REACTIVE 
AGGREGATE COMBINATIONS 

This table shows results at 18 months. Results at 8 months were shown in Fig. 6. 
Aggregate RR Sand + 10 per cent No. 28039 (20-80 mesh size). Cement GS (1.14 
per cent alkali) 1:2 Mortar Mix. All blending material ground to minus 325 mesh and 
substituted for equivalent percentage of cement. 


Expansion in 18 Months 
Blend Material Millionths of an Inch per Inch 


0% | 10% | 20% 30% 40% 50% 


Per Cent 325 Mesh Blend 


OCT Eee - 5350 1640 160 90 

Opaline Chert No. 28038 4730 1610 190 110 

Calcined Monterey Shale 5540 | 4230 160 70 | —10 |—130 
Pumicite....... ne 5650 | 4370 | 2630 520 190 40 
Silic. Mag. Lim. No. 28039 5370 | 5500 | 5160 | 2450 190 150 
Ottawa Sand 5200 | 5660 | 5370 | 4320 | 2990 | 1720 

Per Cent Blend not known 

Cement CP (Puzzol. Type)* 1250 

Cement GP os - 2820 

Cement HP ” as —60 

Per Cent Cement (No Blend) t 
GS Cement — R.R. Sand + 10 per cent 100 90 80 70 60 50 


No. 28039 
5360 5100 5140 5110 4720 | 3660 
*Cements CP, GP, and HP are three California Commercial Brands of Puzzolana or Blended Cements. 
HP is the only one using a blend similar to Calcined Monterey Shale or Opaline Silica. 


tIn this series the cement in the basic 1:2 mortar mix was reduced in the percentages shown and replaced 
with an equivalent per cent of the fine aggregate. 


California stiuation and are sufficiently conclusive to demonstrate that 
we have to a large extent solved the local problem . 

ven in the Kansas case, however, there is much positive evidence that 
though distress may have developed with low alkali cements, there is a 
greater expansion with definitely high alkali cement than with the low 
alkali (Table B). All of the projects listed by Professor Scholer were 
built with medium alkali cements. Had definitely high alkali cements 
been used, the results might have been 100 per cent bad. On the other 
hand, as Scholer points out, it may well be that a high alkali cement may 
have a relatively high portion of the alkali effectively bound chemically 
so it will not cause disintegration. 

[t may well be impracticable to control the situation in Kansas through 
arbitrary controls of the composition of the cement, but on the other hand, 
if construction economies require the use of aggregates known to be 
involved in trouble, it may be necessary to find some means of controlling 
the situation through the cement component. In such cases a truly low 
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alkali cement or a cement with the alkali properly bound up should 
ameliorate the trouble. 


‘ 


Professor Davis remarks on the ‘“‘wide variations in results of parallel 
tests carried out in different laboratories using different sands presumed 
to be non-reactive with a small percentage of Stanton’s reactive aggre- 
gate” and gives as an illustration some tests by the Bureau of Reclamation 
where South Platte River sand combined with 20 per cent of the Cali- 
fornia reactive rock No. 28039 (siliceous magnesian limestone) failed to 
show any appreciable expansion. The answer is not readily available, 
but it should be remembered that some Platte River sands have been 
- found definitely reactive and to contain appreciable percentages of 
opal. Referring to Fig. 5 of the A\S.C.E. paper* it will be noted that 
20 per cent of No. 28039 constituted the optimum amount of this rock 
after which the expansion fell off rapidly. Referring to Fig. 5 of the ACI 
paper the rapid falling off in expansion when the highly opaline rock 
No. 28038 exceeded three per cent should be noted. Is it not reasonable 
to assume that the South Platte River sand tested by the Bureau may 
have contained a small percentage of opal which, in combination with 
20 per cent of No. 28039 resulted in a sufficiently high combined opal 
content as to produce little if any expansion? There can be no doubt 
that under certain conditions and in certain quantities, opal is a neutral- 
izer instead of an exciter. 


Mr. Witt is unregenerate in his attitude. If he is unwilling to accept 
the mass of data of the type produced not only by the California Division 
of Highways, but by the Bureau of Reclamation as conclusive in so far 
as the conditions observed by these respective agencies are concerned, | 
cannot conceive of any type of information which would be acceptable 
to him. He questions the accuracy of the statements made. Erratic as 
the results may be in some cases, nothing could be more positive in its 
broad aspects than the factual data shown in the tables and figures 
accompanying this report. 


ADDITIONAL DATA 


No attempt is made in this closure to discuss in detail the experience 
and data presented by agencies other than the California Division of 
Highways, except in so far as they may relate to or check the work of 
this department, Certain additional information is now available, 
however, which is believed appropriate for inclusion in the discussion on 
this important subject. 


Recent 1:2 mortar tests using a mixture of Russian River sand and 
10 per cent of the Siliceous Magnesian Limestone (No, 28039) definitely 


* Proceedings of the Am. Soc. of Civ. Engra., Dee., 1940, p. 1772. 
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TABLE E—COMPOSITION OF SYNTHETIC ANDESITE GLASS* 


Original 


Unfused Fused 

Mixture Glass 

Silica as SiO, 54.3 61.8 
Alumina as AlL,O 17.4 18.8 
Iron as FeO; ; 3.3 2.5 
Lime as CaO : 12.8 7.6 
Magnesia as MgO 3.9 1.0 
Sodium as Na,O 6.3 3.0 
Potassium as K,O 2.0 13 
Undetermined 0.0 7 
100.0 100.0 


*See Table F for reaction characteristics. 


check the original series, the expansions being substantially in proportion 
to the total alkali content of the cement (Table I) with no appreciable 
expansion in 12 to 24 months with any cements containing less than five- 
tenths of one per cent (0.50 per cent) alkali with the exception of the High 
Karly Strength Cement BH which at 12 months has indicated more than 
normal reaction, 


In this connection, cements GL, BH, GLA, and BAL, for which 
expansions at 12 months are shown in ‘Table I, are four special California 
cements, selected for more complete analyses, 


Cement BH, a high early strength cement, indicates greater reactions 
than to be anticipated on the basis of alkali content (0.49 per cent). 
Repeat tests may not check these results, but the following comparative 
tabulation of physical and chemical data relating to these special cements 
may offer a clue. 


Sugar 

Cement Exp, Total Spec, Value ree Alka- ree Water 
Number 12 Alkali Surf, Clear Lime linity Alk,. Sol. Floe. 

Mos. Pt. Alk. 
‘ 1040 1.25 1065 2.9 0.12 5.10 6.82 0.28 = 
BH 310 0.49 2465 60.1 2.24 3.95 3.72 0.15 2.2 
GLA 1SO 0.41 LOLS 31.¢ 0.35 $.14 0.05 0.04 0.1 
BAL 100 0.32 1920 2.1 0.21 3.17 0,72 0.038 0.2 


Note that Cement BH is relatively high in sugar value, free lime, alka- 
linity, free alkali, water solubility and floc as compared with cements 


GLA and BAL. 


Many of the figures shown in Table | are the averages of a number of 


repeat tests on different lots of the same brand of cement. Seldom was 
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there any appreciable variation between successive test series of the 
same type cement, the high alkali cement mortars invariably showing 
excessive expansion and the low alkali cement mortars relatively low 
expansion. 

On the reverse side of the picture, some unpublished tests by W. C. 
Hanna* show many low alkali cements catching up with higher alkali 
cements within a year. 





*Chief Chemist, California Portland Cement Co., Colton, Calif. 





Fig. H—Typical pavement failures in Nebraska 
These failures are identical in type with California failures traced to reaction between 
cement and aggregates. The aggregates used in the Nebraska projects shown in this 
figure developed excessive expansion in 60 days with a high alkali cement (see text) 
Aggregates from Platte River at South Bend—Pictures furnished by Nebraska State'Depart 
ment of Roads and Irrigation 
(a) (above)—Pavement 13 miles west of Lincoln, Nebraska. Reported to be typical of 
concrete pavement failures in Nebraska 
(b) (below)—Pavement five miles north of Gretna, Nebraska. Illustrative of some of the 
worst conditions of the older pavements 
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Role of opal in the expansive reaction 

As recited in the original paper, the only positively identified reactive 
mineral isolated in the California studies is opal. The reactions have been 
directly proportional to the percentage of this mineral up to some opti- 
mum amount, after which there is a rapid falling off in effect. The first 
highly reactive rock isolated was the siliceous magnesian limestone (No. 
28039) which because it was the first reactive rock isolated and was 
fairly readily obtainable in quantity from narrow ledge deposits, has 
become the standard against which subsequent comparisons have been 
and are still being made. However, this siliceous magnesian limestone 
contains a relatively small percentage of opal (+ 10 per cent) as compared 
with the opaline chert No, 28038 (80 per cent +) and for that reason 
produces greatest reaction when present in higher percentages than the 
higher opal content rock. The highly opaline rock (No. 28038) produces 
greatest expansion when only 3 to 4 per cent is present in the fine aggre- 
gate in a 1:2 mortar, beyond which there is a rapid falling off until negli- 
gible expansion is found at 10 per cent. At the same time, excessive 
expansion is found in the presence of less than 0.25 per cent of this high 
opaline chert (Fig. 5). Latest data in the series from which Fig. 5 was 
plotted show 810 millionths of an inch per inch (0.08 per cent) expansion 
in 16 months with 0.25 per cent of the opaline chert (No, 28038) and 
approximately 6000 units or 0.6 per cent with 0.5 per cent of the same 


rock. 


Meissner presents some very interesting data on the studies made by 
the Bureau of Reclamation in connection with an investigation of the 
Kimball, Nebraska, concrete failures, 

Having learned of the Nebraska situation before becoming aware of 
the Bureau studies, and, therefore, while still unaware of the Bureau 
conclusion that opal in the Nebraska aggregates was probably one of the 
prime causes of trouble, if not the only one, we had secured through 
R. EK. Bollen, Testing Engineer for the State Department of Roads and 
Irrigation a sample of Platte River aggregate from South Bend, Neb., 
high in feldspar. This aggregate was used in the construction of the 
structures shown in Fig. H. 


Only a small sample was received at first, and therefore studies to date 
have been limited in extent, 


From the sample received, all material having a specific gravity of 
less than 2.38 (presumably opal) was removed by flotation. On the 
first flotation of the uncrushed fine aggregate 0.61 per cent float was 
recovered and 2.05 per cent from the retained uncrushed No. 4 mesh 
particles. As it was apparent that there was included opal in the heavier 
particles (similar to the opal inclusion in the California siliceous magnesian 
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limestone) the retained No. 4 particles were crushed to fine aggregate size 
and an additional percentage of float recovered. Undoubtedly the finer 
particles (crushed and uncrushed) contained an additional percentage of 
opaline material which it was impossible to separate by the flotation 
process. 

All float, determined to be principally opal, was crushed to fine aggre- 
gate size and then added back to the heavier fine aggregate residue in 
‘arying percentages to determine from subsequent mortar tests the 
probable relation of the opaline constituent to the expansion reaction. 

Following are some short time tests (28 and 60 days) on various blends 
of the South Bend sand: 


Expansion in Millionths of 


South Bend Platte River Sand an Inch per Inch 

28 Days 60 Days 
1. No opal except combined 320 320 
2. 0.6% added Platte Riv. Opal 100 140 
3. 1.5% added Platte Riv. Opal 410 520 
4, 2.4% added Platte Riv. Opal 120) 620 


It will be noted that the magnitude of the expansion is in direct pro- 
portion to the percentage of opal, although appreciable expansion is to 
be noted even with the heavier aggregate residue from which the lighter 
particles had been removed by flotation. The expansion with the heavier 
particles may be due either to contained opal, not removable by flotation, 
or to the feldspar. We are inclined to believe that at least part, if not 
all, is due rather to opal than to feldspar. 


Flotation separation of opaline materials from reactive aggregates 

Following is a description of the flotation procedure used in removing 
low specific gravity particles from the Nebraska and other aggregates: 

The object was to separate by flotation and examine petrographically any minerals 
present in certain aggregates having a specific gravity near opal, 

The aggregates used in this experiment were as follows: 

Cowlitz River gravel; Cowlitz River sand; 3 types of Parker Dam andesite; 3 different 
samples of andesite from a San Joaquin River source; chert gravel from Elgin, [L; chert 
gravel from Missouri; chert gravel from the Kaw River, Kansas; and Platte River gravel 
from South Bend, Neb. 

A representative sample of each aggregate was crushed to pass a No, 16 mesh sieve. 
It was found by experiment that for ordinary aggregates, or aggregates not containing 
large amount of finely textured volcanic rocks, a material passing No. 16 sieve and 
retained on No, 30 was best suited for the separation process, However, it was also 
found that for voleanic rocks containing very small phenocrysts (as was the case of the 
andesites used in this study) the sample had to be ground to passing No. 30 retained 
No. 50 in order to liberate the tiny phenocrysts. In some instances it is advisable to 
go to even smaller sizes. 
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After grinding and sizing, the sample was weighed and placed in a solution of bromo- 
form-carbon tetrachloride of a specific gravity 2.36. The float fraction was removed, 
dried, weighed, and the percentage of light weight material calculated. 


PER CENT OF FLOAT FRACTION OF AGGREGATES HAVING A SPECIFIC 
GRAVITY OF LESS THAN 2.36 


Per Cent Leas Than 


Aguregate 2.36 Specific Gravity 


Cowlitz River Gravel 005% 
Cowlitz River Sand 
Parker Dam andesite 


Insufficient to weigh 
San Joaquin River andesite 


Insufficient to weigh 


ee ed 


5. Chert gravel, Elgin, I) h2% 
6. Chert gravel, Kaw River, Kansas 2.92% 
7. Chert gravel, Missouri Insufficient to weigh 
%. *Platte River Gravel, South Bend, Nebraska 3.18% 


*A slightly different procedure was used on this sample. It was first sieved on a No. 4 sieve and the two 
fractions floated at a specific gravity of 2.38. The passing No. 4 contained .61 per cent of float and the 
retained No. 4 2.05 per cent The retained No. 4 that did not float was crushed to pass a No. 8 sieve and 
subjected to the bromoform treatment. This treatment yielded an additional 0.52 per cent float, making 
a total of 4.18 per cent. 


Petrographic Notes on Float Fraction: 1, Cowlitz River Gravel-—-Float 95 per cent 


glassy pumice mean n 1.52, 5 per cent of Hyalite Opal. 
2. Cowlitz River Sand— Float 95 per cent glassy pumice mean n 1.52, probably 
} K yi ri : 


andesite in composition. 5 per cent of Hyalite opal. 

3. Parker Dam andesite— Float contained a few pieces of volcanic glass, and 2 pieces 
of gypsum. No opal was observed. 

1. San Joaquin River andesite— Float insufficient for examination. 

5, Chert gravel, Kaw River, Kan.—-Float contained about 35-40 per cent opal, the 
remainder being calcite and quartz, with some slag and coke, ete. The opal is intimately 
mixed with calcite, necessitating acid treatment to liberate opal. 

6. Chert gravel, Elgin, UL—-Float contained approximately 90 per cent opal, partly 
as organic remains and other microfossil replacement, and spherulites. The remaining 
material is optically isotropic, Although the total float fraction is only 0.52 per cent, it 
represents considerable volume, due to its very low specific gravity and porosity. 

7. Platte River Gravel, South Bend, Neb.--The bulk of this float is opal. The 
remainder was unidentified. 

Temperature as a test accelerator 

Since Kammer and Carlson reported* on the accelerating effect of 
temperature on the expansion reactions (in the early stages at least), 
considerable data has been accumulated on this phase of the subject. 
It is obvious that if any expansive reaction can be materially accelerated 
by heat and this accelerated reaction is subsequently found to parallel 
ultimate reactions at normal laboratory temperatures of 70 to 80 F., 
one of the main obstacles to an early determination of the reactive 
properties of a given aggregate or cement will have been removed. 

Kammer and Carlson claim greatest reaction at from 100 to 110 F, 
It has even been intimated that while temperature accelerates the 
reaction, the ultimate magnitude is somewhat less than under normal 
temperatures, Even if this is true, excessive early expansion at high 


*Investigation of causes of delayed expansion of concrete in Buck Hydroelectric Plant, ACI Jounnatr 
June, 1041, Proceedings V. 38, p. 665 
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temperatures is at least indicative of a combination of ingredients to 
be avoided. 

The work of this department at higher than normal temperatures 
has been at 130 F. 130 F. was selected as representative of a temperature 
to which concrete is frequently subjected in a pavement slab whenever 
the atmospheric temperature exceeds 100 F. as it frequently does in 
California. Records of mass concrete temperatures likewise indicate 
that unless special cooling precautions are taken, the temperature in 
the interior of the mass may be expected to reach 130 F. and even higher, 
and under certain conditions of atmosphere and size of mass remain at 
this temperature for a considerable period after the concrete is placed. 
The fact that greater expansions may be expected at 100 to 110 F. than 
at 130 F. was not anticipated in the California studies and is therefore 
a field not as yet explored by this department. 

STUDIES OF MINERALS OTHER THAN OPAL 
Synthetic andesite glass 

Attention was early drawn to the fact that some mineral or com- 
bination of minerals other than opal, might be responsible for the expan- 
sion reaction of such rock types as the Parker Dam andesite, the Cow- 
litz River volcanics and the Virginia phyllite, with high alkali cement.* 
Other examples of apparently non-opaline aggregates showing reactive 
tendencies include the sand and gravel from the San Joaquin River 
near Fresno. 

Andesite has been under suspicion as a reactive aggregate since the 
Parker Dam trouble. This rock has likewise been observed in the Cow- 
litz gravels and is present in the aggregates from the Fresno area. The 
andesites from these three areas have been examined petrographically 
and although there are wide variations as to type, texture, etc., they all 
show one feature in common and that is their glassy groundmass. Speci- 
mens of concrete from Friant Dam, the Belmont Traffie Circle in Fresno, 
the Summers Creek and Courtright Creek Bridges in Washington, and 
the Parker Dam have been examined to observe which aggregates were 
reacting. Numerous thin sections were made of various particles that 
appeared to be participating in gel formation. It was noted that the 
phenocrysts of plagioclase, hypersthene, hornblende, olivine, augite, 
rutile, and a few other less common minerals were in most cases un- 
affected by contact with the cement mortar, The glassy groundmass, 
however, in various instances showed signs of reaction. 

It was, therefore, decided to study further the glassy groundmass of 
various basic or intermediate volcanic rocks. 

To insure sufficient uniform material for study, and for fabrication 
into expansion bars, it became necessary to synthesize a quantity of 


*ACI Jounnat, Jan. 1942; Proceedings V. 38 p. 230, 
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Fig. I—Furnace used to prepare synthetic andesite glass 


glass having a chemical composition equivalent to that of an average 
andesite.* Various experiments using a carbon are proved unsuccessful 
to economically prepare the quantity of glass required. By an oxy- 
acetylene process, however, it was possible to produce the required 
amount of glass in a short time, 


A small furnace was constructed of fire brick. The finely pulverized 
charge was first moistened with sufficient water to mold it, and thus 
prevent the flame from blowing the powder away. The charge was 
made of the straight oxides of Al, Fe, Si and Mg with equivalent amounts 
of carbonates of Ca, Na, and K.t Chemical analyses were made of the 
charge before fusion, and of the final fused glass. These analyses are 
shown in Table FE (p. 236-23). 


As soon as it melted the glass was ladled from the furnace (Fig. I). 
After cooling at room temperature, each batch of glass was weighed, 
and upon completion of the entire charge, was carefully crushed, and 
sieved into various sizes for fabrication into expansion bars with both 
low and high alkali cements. Results at the end of five months based 
on measurement of specimens cured at 130 F. indicate this glass to be 
definitely reactive (Table F). The percentage of silica dissolved after 
21 days in 10 per cent NaOH, using the Bureau of Reclamation method, 
was 0.9 per cent. Solubility in NaOH does not, however, appear to be 

*U.S.G.8., Bulletin 770, p. 458 


(Compounds of the rarer elements that are usually found in andesites, such as Ti, Zr, P, Mn, ete., were 
omitted from the charge 
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TABLE F—EXPANSION OF 1:2 MORTAR SPECIMENS OF RUSSIAN RIVER 
SAND AND SYNTHETIC ANDESITE GLASS (20-80 MESH) SUBSTITUTED FOR 
EQUIVALENT PERCENTAGES OF R. R. SAND 


Expansion in Millionths of an Inch per Inch 

















Per Cent , CEMENT 
. | Age ——_ | 

——_ a GS (1.07% Alkali) AS (0.48% Alkali) 
F en est ee [pr = 

Glass® 70 F. 130 F. 70 F. 130 F. 

| 28days | 40 90 — 50 —10 

5% 3 mos. 110 210 0 —20 

6 mos. 130 220 — 40 —20 

| 28days | 70 210 — 60 20 

10% 3 mos. 130 710 — 10 60 

6 mos. 80 1160 + 10 60 

28 days 30 320 - @ —10 

20% 3 mos. 160 1630 — 10 100 

6 mos. 180 2330 — 30 240 

28 days 80 1150 — 10 80 

30% 3 mos. 130 3070 - * 420 

6 mos. 170 3980 0 1640 





*See Table E for Chemical Analyses. 


significant except possibly in the case of the highly soluble rocks (Table 
B), in which case the high solubility may be indicative of opal. 


Petrographic examination of the glass indicates the mean n = 1.541. 
The range recorded is from 1.510 to 1.555. The material in the main 
is optically isotropic. However, occasional anisotropic grains and in- 
clusions are observed, which may be due either to incomplete fusion, or 
to recrystallization. No crystallites were observed. The refractive 
index is somewhat higher than that of a natural glass, having a corre- 
sponding composition. * 


Chemical alteration as an activator 


Observations of many andesite specimens known to be reactive indi- 
cated that they were moderately or partially altered and weathered. 
This condition was existent prior to fabrication into concrete. Work 
done by Evans and Williamst in Lassen Volcanic National Park shows 
a few rocks in the vicinity of hot springs to be highly altered, with 
opal as a principal constituent. 

To simulate the Lassen Park condition some of the synthetic andesite 
glass has been altered in the presence of SO, and water for comparison 


*George, Journal of Geology, V. 32, p. 365, 1924. Grant, ‘““‘Petrography and Petrology,” p. 114. 
tR. D. Evans and Howel Williams, Amercian Journal of Science, V. 29, 30, 5th Series, 1935. 
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of expansive reaction with the fresh glass. Various methods of altera- 
tion were tried without much success until after consulting the literature, 
sulphur dioxide was tried. 


A portion of the untreated synthetic andesite glass, crushed to 
—20+50 size was placed in a long glass tube, moistened with water and 
subjected to daily evolution of SO, from a cylinder. A petrographic 
study of the SOs, H.O treated glass up to the present time indicates 
that there has been a definite change not only in the appearance of the 
material, but also in its composition and refractive index. The treat- 
ment will be continued for a few months longer before fabrication of 
the altered glass into expansion bars. 


Other glasses 

This work should be checked against or compared with glasses of 
other composition. <A fertile field is indicated for the investigator who 
has time. 


Effect of sodium hydroxide on reactive and unreactive aggregate and cement 
combinations 


The tests for which data are shown in Table G were made after it 
became apparent from other tests that when the mineral under test 
was highly reactive without sodium hydroxide, the addition of sodium 
hydroxide in the amount of 1 per cent of the cement content had the 
effect of reducing the expansion, at least in the early stages (Tables B 
and C), whereas in the case of unreactive aggregate, the NaOH increased 
the expansion. This development led to the conclusion that there is 
another optimum condition which is a function of both the aggregate 
and sodium hydroxide, the optimum amount of NaOH being in inverse 
proportion to the reactivity of the aggregate. The figures in Table G 
appear to sustain this conclusion. 

It will be noted that 100 per cent of the normally slightly reactive 
Russian River sand, increases in activity with increasing percentages 
of NaOH whereas the reactive combination of Russian River sand and 
21% per cent of No. 28038 falls in reactivity, as the percentages of NaOH 
is increased. 


This reverse action has been noted in other tests. 


The fact that NaOH has an adverse effect on normally unreactive 
aggregates precludes it as a potential universal corrective. 
A rapid method for detection of reactive aggregate by gel formation 

Continued experimentation with samples of various reactive aggre- 
gates led to the belief that gel could be formed on a reactive aggregate 
if exposed to alkali solutions in a confined state similar to the environ- 














236 - 32 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE Suppl. Nov. 1942 


TABLE G—EFFECT OF SODIUM HYDROXIDE ON UNREACTIVE AND REACTIVE 
FINE AGGREGATE AND HIGH ALKALI CEMENT MORTAR MIXTURES* 


1:2 Mix GS Cement (1.07% Alkali)—Expansion in Millionths of an inch per inch. 


Per Cent NaOH added by Wt. of Cement 


Age 
0% 1% 2% bY 
100% Russian River Sand 
70 F. 130 F. | 70 F. 130 F. | 70 F. 130 F. | 70 F. 130 F. 
28 days 10 10 30 130 160 840 ISO L060 
2 mos. 20 40 70 700 240 2060 270 2330 
4 mos. 30 180 40 1440 320 2610 440 3340 
97.5% R.R. Sand + 2.5% No. 28038 
28 days 10 1340 | 360 | 2530 0 280 90 310 
2 mos. 660 | 5800 | 2230 | 2920} 60 590 140 950 
4 mos, 5000 | 12240 | 3340 3630 150 850 190 1370 
| | 


*This table presents figures showing that an unreactive combination may be made reactive by addition 
of sodium hydroxide; whereas the reverse effect may take place in the case of a highly reactive combina 
tion. This phenomenon appears to be just another illustration of the fact that one combination of ingred- 
ients may result in the development of reaction products in such a manner as to cause excessive expansion 
of a concrete mass and some other combination of the same ingredients may have a reverse effect. 


ment encountered in the interior of a concrete mass. A series of experi- 
ments were made in an effort to produce the gel with several petrographic 
types of aggregate known to react with high alkali cement. A method 
was finally developed which proved highly successful in producing a pro- 
fuse amount of gel in 5 days. This method is briefly as follows: 


Each piece of aggregate is cast in a pat of neat cement. (Several 
pieces can usually be cast in one pat if all are of one type, otherwise 
it is difficult to distinguish each piece after the test.) Pats used in this 
work were 4% in. in diameter, 34 in. thick. A cement having a high 
alkali content and a fairly wet mix was used. After pouring into the 
molds, the pieces of each rock were pushed down into the mix until 
submerged. The pats were then cured overnight in the fog room. They 
were then lapped on a rotating steel lap with 220 carborundum grit 
until the pieces of embedded aggregate were well exposed. Next, they 
were allowed to remain immersed in an air-tight container (coated with 
paraffin) in a solution composed of N/2 NaOH, and N/2 KOH in satur- 
ated lime water for 4 days at normal temperature. Upon removal of 
the pats from the solution, gel was observed on or around each piece 
of aggregate known to be reactive. The non-reactive type did not 
produce any gel. 

Aggregates containing opal form a profuse amount of gel by this 
method. In some cases, so much gel formed from highly reactive mate- 
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Fig. J 


(a) (top left)—Gel on Opalized Serpen- 
tine after 3 days soaking 
(b) (top right)—Gel on wood opal after 
5 days soaking 
(c) (lower left}—Gel on opaline chert 
after 2 days soaking 





rials that the entire pat was covered. With such highly reactive mate- 
rial, it may be advisable to immerse for only 2 or 3 days instead of 4. 
This method proved fairly successful with the coarse fraction of certain 
fine aggregates that contain deleterious chert or other opaline materials. 


Microchemical analysis of the gel formed from opaline aggregates 
indicates it is in all essential respects similar to gels found in concrete, 
although no complete analyses have yet been undertaken. It is in- 
tended to study further the action of the NaOH, KOH and Ca(OH), 
solutions separately, both at normal temperature and at high temper- 
ature curing. Soaking the pat in a 1 per cent solution of methylene 
blue in alcohol and water to which has been added a small amount of 
benzoic acid is very effective in staining the gel area.* 

Reaction for andesite has not been as vigorous as for opal. It is believed 
that a modified procedure, including curing at a higher temperature 


*'Chemistry of Cement and Concrete,” Lea and Desch, p. 162. 
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may hasten gel formation, but further work along this line has not yet 
been completed. It is also of interest to know whether the gel can be 
obtained by the same procedure as above outlined, but substituting a 
low alkali cement in the pats. 


Siliceous blends as correctives 

The hunt for correctives has continued, but except for certain ground 
siliceous (puzzolana type) blends, no practicable solution has been 
found. Studies in the silica blended cement field have been exception- 
ally promising in the case of the California cements and reactive aggre- 
gates. In fact, all evidence to date indicates that high silica or siliceous 
blended cements where the blended material is of the opaline type is a 
practicable solution of the problem when the expansion results from a 
reaction between the cement and opaline impregnated aggregate of the 
type encountered in California. 

It will be recalled that 1:3 mortars of the blended cement HP (Fig. 4) 
showed no expansion in combination with the highly reactive sand (3a) 
up to 32 months; whereas, even the comparatively low alkali standard 
cements AS and BL were beginning to show definite expansion by that 
time. 

The most recent measurements in this series at 42 months show that 
whereas all of the standard cements, even with the lowest alkali con- 
tent, show continuing expansion, the high silica cement HP still shows 
some shrinkage (— 170 units). 


Following is the record at 42 months of all cements in this series: 


Cement Percent Alkali Expansion at 42 Months 
1:3 Mortars 
GS 1.14 3380 
FS 0.92 3920 
EL 0.92 5720 
DL 0.90 4580 
CL 0.77 4460 
BL 0.51 2030 
AS 0.45 810 
oS 0.78 —170 


*Blended 


Encouraged by the results with cement HP, a series of tests was 
started with the highly reactive combination of high alkali cement GS 
(1.14 per cent alkali) and a fine aggregate containing 10 per cent of 
siliceous magnesian limestone No. 28039. The 8 month results in this 
series were shown in Fig. 6. 

Sixteen to eighteen month tests are now available in this series, the 
results being as shown in Table D. It will be noted that silica of the 
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standard Ottawa sand type apparently has little corrective value, 
whereas the highly opaline silica (No. 28038) is very effective at 20 
per cent as is the calcined Monterey shale. It is probable that only 
15 per cent of this type blend would be sufficient under the most severe 
conditions usually encountered with commercial aggregates such as 
with the highly reactive commercial sand No. 1 (Saticoy). 


The results shown in Table D encouraged an expansion of the series 
using commercial sands, cements of varying alkali content from high 
to low, and different siliceous blends. 


The three months results of this supplemental series are shown in 
Table H. In an effort to accelerate the results all specimens in this 
series are stored in sealed containers maintained at 130 F. 


Not only is this series interesting as a check on the corrective prop- 
erties of siliceous blending materials from different parts of the state, 
but there is also an excellent correlation with results in earlier series 
with relation to alkali content of the cement. Note the marked drop in 
expansion to negligible proportions for the higher alkali cements when 
blended with 10 per cent to 15 per cent opaline silica. 

One remarkable result of this test series is that although the Cali- 
fornia opaline silicas have definitely. corrective properties, in so far as 
the California sands and reactive materials and the Washington State 
Cowlitz sand are concerned, the reverse is the case with the Kaw River, 
Kansas sand which is reported to have been used in concrete in Kansas 
which has shown distress. 


Although the low alkali cements show low expansion with Kaw River 
sand and the High alkali cements high expansion, the addition of the 
minus 325 mesh reactive silica of the opaline type (No. 28038) to the 
high alkali cement-Kaw River sand mortars apparently has an explosive 
effect which increases in proportion to the increase of the opaline sliica 
blend up to the maximum tested (10 per cent of the cement content). 
At the same time, when this blending material was added to the low 
alkali cement-Kaw River sand combination, there was no appreciable 
expansion effect. 

This reverse action with the Kaw River sand indicates very definitely 
that a corrective in one case may be an accelerator in another and 
somewhat complicates the problem. 

A chemical analysis of the composition of the three sands, Saticoy, 
Cowlitz and Kaw, offers no apparent solution, although petrographic 
analyses indicate definite differences in mineral composition. 

The Oklahoma cement (QO) is reported as having been used with 
Kaw River sand in projects which have shown distress in Kansas. This 
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reactive combinations of aggregate and cement. 


TABLE H—SUPPLEMENTAL TESTS 


To determine potential corrective properties of siliceous (puzzolana) type blends in 


in sealed containers at 130 F. 





Per 

Aggregate Cem cent 
Alkali 
No. 1 (Saticoy) |GS |1.07% 
" _ IDL |0.86% 
as “IM |0.83%) 
as EL |0.82%| 
es O |0.51%| 
vs AS |0.48% 
7 IS |0.47% 
“ JS |0.40% 
a GS 1.07% 

““ ai 

“cc ny 
“ EL (0.82%) 
a GS |1.07%| 
a GS |1 O7A| 
RR+10% 28039GS |1.07%| 
a“ IGS |1.07%) 
a GS |1.07% 
“ IGS |1.07% 
os ‘GS |1.07%) 
cs GS |1.07%) 

} 

Cowlitz River* |GS | 1.07%) 
os IDL |0.86% 
5 \M_ 0.83% 
< ‘ee 0.82%] 
” 1O 10.51% 
ts AS |0.48%) 
ws HIS |0.47%) 
" JS |0.40% 
Kaw Rivert |GS |1.07%| 
” DL |0.86%| 
a M |0.83%| 
. [EL |0.82%| 
a ‘O |0.51% 
" AS |0.48% 


) 


1:2 mortar mixtures. 





Suppl. Nov. 19492 


4 
Specimens stored 


This test series supplements the earlier series for which 
the 18 month results are shown in Table D. 


Opal. Sil. 


“cc 


“e 


“cc 


“ce 


“ce 


“ 


“ee 


“ 


Blending Material 


‘ 


“ 


sé 


“é 


sé 


ial 


Ty 


(Berkeley) 
(Cholame) 


re 


. 28038 


e 


“ee 


“<c 


ae 


Cale. Mon. Shale 


Opal. Rock Riverside Co. 


Vol. Tuff (Modoc) 


Silica Gel 


Vol. Tuff (Modoc) 
Opal. Sil. No, 28038 
Cale. Mon. Shale 
Burnt Shale No, 1 
Burnt Shale No, 2 


Silica Gel 


Opal. Sil. 


“ 


“e 


al 


ae 


. 28038 


“ce 


e 


% minus 32 


Mtl. Repleg 


O% 916.07 


_ 2/C 


5 mesh blending 


. Equiv. % Cem. 


5% | 10% 


15% 


Exp. 3 mos, at 130 F, 


2720) 2740 
3510 2900 
3410 2980 
3310. 2630 
| 10 —30 
0 20 
70, —100 
60 —80 
3810 
| 3530 
2610 
2160, 3710 
3310, 3370 
7020, 6950 
6470 
| 5710 
5980 
6160 
6170, 6170 
1530| 510 
500, 490 
750, 140 
480, 270 
60, —70 
0 10 
60 —130 
120, —40 
930 1520 
1120 
900) 1850 
860) 1790 
110 170 
100-160 


3260 30 
1120; 120 
1230 10 
SOO LOO 
20 80 
10) 70 
Oo) 130 
70 QO 
3950 110, 60 
3410 1160 70 
4560 830 SO 
2220; 520) 120 
8280) 2010 
(1.0 
%) 
6180, 5940 
6040 10 
4090 70 
5310) 4730 
6640, 6310 
(1.0 
%) 
180 50 
230 110 
70 50 
160 60 
110 190 
40 00 
30 70 
100 130 


7210 16090 
7940) Spec, Brk. 
10910) 20430 
8260) Spee. Brk, 


120 
160 


20 
130 


*Sand from the Cowlitz River, State of Washington, used in concrete in that State which Bailey Trem 
per described in his paper published in the ACI Jounnar, June, 1941, page 678, 


t Kansas: 


distrens. 


Note the reverse e 


Washington reactive sands, 


This sand is naporved to have been used in Kansas projects which have shown considerable 


ect of the opaline siliceous blend to that experienced with the California and 
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TABLE I—COMPARATIVE EXPANSION IN MILLIONTHS OF AN INCH PER 
INCH OF 1:2 MORTAR BARS 


RR sand plus 10 per cent siliceous magnesian limestone (No. 28039) and cements of dif- 
ferent alkali content. The data in this table supplements and checks that shown in Fig. 4 
and Tables 2 and H 


Alkali 
Cement* Content Age Expansion 
Per Cent 


GS 1.14% 24 Mos, 10550 
FS 0.92 clan 11500 
EL 0.92 4g y 11800 
DIL-1 0.90 = " 9740 
M 0.83 se = 10150 
CL 0.77 phils 10450 
Hs 0.69 es 12000 
FS-1 0.64 ee 9640 
R 0.64 us = 1150 
PS-2 0.60 Sree 1860 
DI-2 0.61 weep 170 
HA-1 0.59 50 
HA-2 0.51 75 
8) 0.51 660 
BI 0.51 50 
N 0.47 100 
AS-1 0.45 : 20 
IS 0.44 60 
CA-1 0.438 50 
CLH 1.40 IS Mos. 9OSO 
DA 0.49 nbs 27 
FA 0. 46 pilin 30 
AS-2 0.44 (= 60 
HA-3 0.39 s oe 83 
CA-2 0.36 “ is 110 
BA 0.25 = 70 
GL 1.25 12 Mos. 1040 
BH 0.49 - oo 1360 
GLA 0.41 7 re ISO 
BAL 0.32 ni * 100 
*The first letter in the cement identification column indicates the source; all cements with the same initial 
letter being from the same source or brand, The second and third letters indicate variations in type of 
the same brand. The numbers following some of the letters indicate repeats of the same type cement 


with some variation in alkali content. 


is puzzling in view of the fact that some California tests of this cement- 
aggregate combination fail to show any appreciable expansion in three 
months at 130 F., whereas all the higher alkali cements show high 
expansion, The results have been erratic however, as a few long time 
tests (28 months) at normal temperatures with cement (O) and Kansas 
aggregate do show as much expansion as the expansion found with the 
same (Kaw River) aggregate and the California High Alkali cement GS, 

These confusing results to a certain extent check Professor Scholer’s 
observations and definitely indicate that the Kansas problem has com- 
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plications not encountered in California where the results of all tests 
extending over a period of four years have been remarkably consistent. 

Tests with the Kansas materials, however, do not in any sense dis- 
credit the application of the California determination of the reactive 
effect of alkali and opal combinations even under Kansas conditions as 
evidenced by the figures shown in Table H. 

They do, however, emphasize the fact that other at present unde- 
termined factors are contributing very definitely to the magnitude of 
the expansions. 

As previously stated, two important factors may be the method of 
occurrence of the alkali in the cement and the reactive mineral or min- 
erals in the aggregates. 

CLOSING SUMMARY 

In closing, it may be well to summarize some of the principal data 
presented in this discussion. 

1. In so far as California experience is concerned, the data conclu- 
sively demonstrate that excessive expansion may occur in a concrete 
mass due to reaction between certain ingredients in the aggregate and 
cement. 

2. One combination of ingredients producing this reaction is opal in 
the aggregate and the alkalies in the cement. 

3. There is a certain optimum percentage of opal in the aggregate 
which produces the greatest expansion. This ‘‘optimum”’ percentage is 
apparently a constant with regard to total opal content in the combined 
aggregate regardless of the variation in percentage of opal inclusions in 
individual particles. For example, opaline chert No. 28038 contains 
about 80 per cent or better of opal, whereas, siliceous magnesian lime- 
stone No. 28039 contains less than 10 per cent opal. The “optimum” 
amount of “‘opal’’, as above referred to, is approximately 3 per cent 
and when present in excess of 10 per cent of the total aggregate, the 
reactions are of such a nature as to result in no measurable expansion 
under the test procedure followed. 

4. In general, the expansion is proportional to the total alkali content 
of the cement with sufficient evidence to indicate that the results may 
be affected to some extent by the nature in which the alkali occurs in 
the cement. 

5. Expansions are relatively rapid when the alkali exceeds 0.60 per 
cent and relatively slow, if at all, when less than 0.50 per cent. The 
zone between 0.5 per cent and 0.6 per cent requires further exploration. 

6. The ultimate magnitude of the expansion in the case of low alkali 
cement-reactive aggregate combinations, as indicated by the 4 year 
test data, is not sufficient to cause any concern under similar conditions 
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of aggregate and cement combinations. This checks field experience. 
No trouble has been noted over a period of five to fifteen years with the 
same reactive aggregates used with normally low alkali cements. 

7. In addition to opal, the glass matrix of volcanic rocks may be 
reactive. Synthetic glass of andesitic composition has definitely been 
proven reactive. 

8. Reactive aggregate particles may be detected by means of gel 
formation following certain described accelerated test procedure. 

9. Temperature in some optimum amount yet to be determined is 
usually an accelerator in the initial stages of the reaction, but may 
serve as a retardant in so far as ultimate magnitude is concerned. 

10. Sodium hydroxide may be an accelerator or retardant depending 
on other variables such as amount of reactive mineral in the aggregate 
or alkali in the cement or a combination of both. 

11. Certain siliceous (puzzolana) blends definitely operate as a cor- 
rective when the offending mineral is of the opaline chert type encoun- 
tered in California, and of the reactive types found in the Cowlitz River, 
Washington aggregates, but may have the reverse effect with reactive 
minerals of the nature found in the Kaw River Kansas aggregates. 

12. Some voleanic tuff and burnt shale blends are apparently accel- 
erators, or at best have minor beneficial effects under the conditions 
and in the quantities tested in the California series, 
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SYNOPSIS 

From data obtained by subjecting cubes cut from dry-tamped silo 
staves to durability cycles consisting of frost action alone or a combina- 
tion of frost and acid action, it is concluded that the transverse strength 
and absorption are not adequate criteria of the durability of dry-tamped 
silo staves. From a discussion of exposure conditions and evidence 
obtained from field inspection, it is concluded that frost action is the 
chief factor in silo durability though acid action is still important be- 
cause of its accelerating effect on the rate ot disintegration in freez- 
ing and thawing tests. The procedure for a durability acceptance test 
is proposed. 


INTRODUCTION 


The present proposed specification” for dry-tamped silo staves re- 
quires a minimum transverse strength of 690 psi. (120 lb. per in. of 
width for a thickness of 24% in.) and a maximum absorption of 6 per 
cent by weight at 24 hours. The strength limits were raised from those 
of the preceding specification with the intention of increasing stave 
durability, i.e. the resistance to disintegrating factors encountered in 
service. 


This paper is a progress report on the investigation of the adequacy 
of short time tests as durability criteria and the development of a dur- 
ability acceptance test to be used as a substitute for, or in addition to, 
the requirements of the present specification. Detailed descriptions of 
procedure and many of the data have been eliminated. Such details 
of the investigation may be obtained from a Bulletin to be published by 
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the Engineering Experiment Station, University of Minnesota, ‘Dur- 
ability Tests For Dry-Tamped Silo Staves.” 

The investigation has been predicated on the belief that the essential 
requirements of an acceptance test are: 

1. The test is a true measure of the quality under examination, 

2. The range and distribution of the data permit suitable grading of 
the materials subjected to test, 

3. Data can be obtained in a reasonably short time, 

4. The procedure is simple and the apparatus available in most lab- 
oratories, 

5. Correlation between data obtained by different operators and 
laboratories on similar specimens is high, and 

6. The cost of the test is not prohibitive. 

Because of the time element involved in durability tests and service 
records, it is doubtful if there ever will be general agreement that any 
acceptance test for durability satisfies the first requirement. 

In devising durability tests, it is generally agreed that the laboratory 
exposure conditions should similate the exposure conditions of service. 
Because of requirement 3 the laboratory test must always differ from 
service exposure in the duration of the exposure period and, because of 
requirement 5, in the size and shape of specimen. Moreover the large 
number of variables involved in service exposure cannot be duplicated 
in the laboratory if requirement 4 as to simplicity is to be adhered to. 
Consequently the similarity between field exposure and laboratory 
exposure can never be very marked. As a practical matter, the labor- 
atory test must be restricted to the inclusion of one or two of the major 
factors encountered in service and to small, easily handled specimens. 

There is no disagreement that the authors are aware with the state- 
ment that the chief factors affecting the durability of silo staves are (1) 
chemical interaction between silage materials and the concrete, and (2) 
frost action. The first factor is commonly referred to as “acid” action 
and it will be so designated in this paper. 

Because of the lack of adequate data, particularly field data, there 
is disagreement as to the relative importance of the two factors. The 
silo manufacturers rarely mention frost action but are quite voluble in 
regard to acid action. As a result of this attitude, shared by the majority 
of those in contact with the industry, papers on the durability of silo 
staves have been concerned chiefly or wholly with the corrosive effect 


of various liquids encountered in a silo, ° “ 


Cubes, approximately 21% in. on a side, cut from dry-tamped silo 
staves, were subjected to three exposure cycles consisting of (1) alternate 
freezing and submersion in a 0.16N aqueous solution of lactic and acetic 
acid, the A-cycle, (2) alternate freezing in air and submersion in water, 
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Fig. 1—Data from the P-cycle versus transverse strengths 


the P-cycle, and (3) alternate freezing in air and submersion in water 
under pressure, the H-cycle. The number of cycles at a 30 per cent 
loss in weight was used as the criterion of resistance. 

Two variations of the A-cycle were used. In one the cubes were 
frozen in pans containing 1 in. of water, and in the other the cubes 
were frozen in air. No significant difference was noted between the 
data from these two variations. Comparison of the data from the A- 
cycle and data from acid tests revealed that the A-cycle measured acid 
resistance only except for specimens of very low resistance to frost action. 
In another investigation no correlation was found between the P-cycle 
and natural weathering, nor was any relation found in this investigation 
to establish confidence in the usefulness of data from the H-cycle. Con- 
sequently, no data for either the A-cycle or the P-cycle are shown. 

In Fig. 1, data from the P-cycle are plotted against the transverse 
strengths. Data for those specimens which have not reached an end 
point are shown by crosses on or near the 825 cycle line which was the 
number of cycles at the time Fig. 1 was drawn. The plotted points of 
this and of subsequent figures represent data for individual tests. 

From Fig. 1 it is evident at once that no relation between the trans- 
verse strength and the resistance to the P-cycle is shown by the data 
for specimens which have reached their end points. It is also evident 
that when data for specimens not now at an end point are included 
that the average resistance of all specimens complying with the strength 
specification will be much hgher than that of specimens having trans- 
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verse strengths less than the specification limit. Hence, though the 
chance of high resistance to freezing and thawing is greater for specimens 
of higher strength, the absence of a relationship clearly indicates that the 
transverse strength is not an adequate criterion of resistance to freezing 
and thawing. 

The inadequacy of the transverse strength as a criterion of the resist- 
ance to freezing and thawing is emphasized by data for specimens cut 
from cast staves as may be seen by comparing the data of Table 1 with 
those of Fig. 1 or merely by looking at the table. 


TABLE 1—RESISTANCE OF CERTAIN SPECIMENS CUT FROM WET CAST STAVES 
TO THE P-CYCLE 


Group A B C D 
Transverse 
Strength, psi........| 525 | 460 | 440 | 762 | 633 | 422 | 381 | 1130 | 1160 | 1189 


Number of 
P-Cycles of 30 perC.., 29 19 | 33 | 62) 47 | 120 | 149 100 77 115 
Loss in Weight...... 298* I88* 298" 


*Specimens started in freezing cycles 3 months later than first set. The first set were about 1 month 
old when freezing and thawing started. 





The surprisingly high resistance of the dry-tamped mortars to the 
P-cycle is attributed to their high air voids and the low water-cement 
ratios of the paste, these being properties which result from the method 
of manufacture. Durability studies on brick have shown that the effect 
of freezing and thawing is greatly reduced if the ratio of absorbed water 
to pore space is 0.8 or less. When the freezing procedure is such as to 
promote filling of the pores as in the H-cycle, the resistance to frost action 
is low. Investigations of treated cements have shown that increase in 
air-voids has accompanied an increase in resistance to freezing and 
thawing.’ 

Other durability studies of this laboratory have shown also that the 
compressive strength is not a reliable criterion of the resistance of mortars 
to natural weathering or to a slow cycle of freezing and thawing such as 
the P-cycle.” An outstanding example of a low strength and highly 
absorptive material having exceptionally good resistance to freezing 
and thawing is given by the performance of a cement mortar made with 
vermiculite aggregate. Despite a compressive strength of but 250 psi. 
and an absorption by weight of 70 per cent (about 44 per cent by 
volume), the average number of P-cycles at 15 per cent loss in weight 
was 420 for eight specimens, which is more than twice as many as were 
withstood by mortar specimens tested at the same time and havingfan 
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Fig. 2—Data from the P-cycle versus resistance to acid action 


average Compressive strength of 7260 psi. The authors know that very 
dense, rich, and strong mortars made with durable aggregate are highly 
resistant to freezing and thawing. 

Despite the lack of relation between freezing and thawing resistance 
and the transverse strength, it should be emphasized that the chance for 
high resistance to freezing and thawing is greater for staves having 
high transverse strength. Therefore, until some durability acceptance 
test is devised, the strength limitation of the present specification serves 
a very useful purpose in that it eliminates the use of the majority of 
staves having low frost resistance. Compliance with the strength of 
specification does not, however, assure durability. 

Fig. 2 is shown because there is some tendency in the silo industry to 
regard resistance to acid action as also a measure of resistance to frost 
action. It will be seen that no relation between acid resistance and 
frost resistance was obtained for those specimens which had reached 
an end point. Nor are the authors aware of any reason why there should 
be a relation. 

In Fig. 3 the data from the P-cycle are plotted against data from three 
measures of absorption. It will be seen from Section B of Fig. 3 that the 
24-hour absorption has no value as a criterion of resistance to freezing 
and thawing™. The same conclusion was reached in reference to resist- 
ance to acid action™®, The specification limit for 24 hour absorption 
therefore appears to be unnecessary. No relations are exhibited by the 
data for either the five minute absorption or for the ratio of five minutes 
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to 24 hour absorption, though it is true that the chance for high resistance 
to frost action is greater for specimens having low values of either of 
these measures of absorption. 

Durability requirements in a specification are intended to ensure a 
minimum life in service. Until an acceptance test has been in use for 
two or three times the minimum life of the structure, it will not be known 
definitely whether or not it meets the first requirement of an acceptance 
test, namely, that the test is a true measure of the quality under examina- 
tion. The choice, then, is between waiting twenty, thirty, or forty years, 
by which time conditions and materials will probably have changed 
radically, or accepting some test recognized as imperfect but which 
reason and available data indicate to have the greatest chance of satisfy- 
ing requirement (a) and which at the same time meets or approaches 
the remaining requirements of an acceptance test. Acceptance limits 
for such a test should initially be set quite low and later raised if experi- 
ence shows the method to have merit and a modification of the specifi- 
cation requirements to be desirable. 

Before proposing an acceptance test for durability, or before passing 
judgment on a suggested method of test, service requirements should 
be examined as carefully as possible. Though as was mentioned pre- 
viously, the silage industry as a whole regards acid action as the chief 
disintegrating agent, it is the authors’ opinion that acid action has been 
highly over-emphasized and that the chief disintegrating agent is frost 
action. If this is so, then test procedures for durability and methods 
for promoting silo durability will be fundamentally different from those 
resulting from the acceptance of acid action as the chief factor affecting 
the life of a silo. 

The general acceptance over many years by manufacturers, technical 
men, and users, of the theory that acid action is the primary cause of 
silo failures is due apparently to the following facts: 

1. Silage materials do react with concrete or mortar. 

2. The role of acetic and lactic acids in preserving silage has been 
widely publicized, which is true also of the fact that acid will attack 
concrete, 

3. Whenever silage juice runs over concrete the action is rapid and 
leaves a prominent and permanent record of its destructive power. 

$1. The typical surface texture of the interior walls of silos after years 
of service is not similar to that usually associated with frost action, 

5. Psychological reactions from the comforting thought that the 
presence of corrosive materials in silage and their interaction with 
concrete are factors beyond the control of the manufacturer 

In Fig. 4 are shown data on temperatures in a silo read from Fig. 5 
and 9 of Bulletin 303, lowa State College. Temperatures were given 
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Fig. 5—Frost disintegration due to 

high humidity, high capillarity low 

strength concrete, and an exterior 
vapor barrier 





only at the center, quarter-point, and near the wall, and consequently 
the true shapes of the temperature curves may vary somewhat from 
those shown. The relation between the vapor pressure and the tem- 
perature for 100 per cent relative humidity is also given on the figure. 

Because of the high moisture content of the silage, about 200 per cent 
on a dry weight basis, it is reasonable to assume 100 per cent relative 
humidity within the silage. Above the silage level the relative humidity 
will be high relative to the outside air on clear days but may be less than 
100 per cent. If the barn is ventilated through the silo, the relative hum- 
idity will be high and probably 100 per cent. 

The vapor pressure differentials are such as to cause an outward move- 
ment of water vapor. Assuming 100 per cent relative humidity, con- 
densation will occur as the water vapor travels to regions of lower tem- 
perature, and the rate of condensation will be proportional to the tem- 
perature gradient. Because silage temperature at the middle of the 
silo does not fall below about 60 F. even in the severest weather, there is 
always a vapor pressure differential between the interior of the silage 
and the outside air. 

Let us consider the moisture conditions at the wall of a silo built 
of 2% in. dry-tamped staves treated on the interior with a cement plaster 
or cement wash. Either treatment is quite effective as a water barrier. 
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The permeability of the stave as determined by the usual laboratory 
procedure may be high or low, but even if low, so long as it is a dry- 
tamped stave, its resistance to the movement of water-vapor, or of water 
under pressure, will be less than that of the coating. Assuming a tem- 
perature curve similar to that marked Nov. 22, p.m. on Fig. 4, an accumu- 
lation of moisture will occur on the interior face. Because of the resist- 
ance to moisture movement through the coating and the relative free- 
dom of movement in the stave, it is to be expected that a wet stave will 
lose moisture in clear weather until an equilibrium condition is reached. 
Hence, in the absence of rain the moisture content of the walls will vary 
from saturation at the interior face of the coating to less than saturation 
down to dryness in the stave itself. 

Concrete staves are thin in section, low in specific heat, and low in 
resistance to heat transfer. These properties are such as to promote 
close correlation between the temperatures at the exterior and interior 
surfaces. 

Freezing at the interior face will occur whenever the air temperature 
remains some degrees below freezing for a sufficient time to over come 
the time lag. Just what outside wall temperature maintained for how 
long is necessary to cause freezing at the interior face is not known and 
will, of course, vary considerably depending on a number of factors. 
However, it is probable that both the temperature drop and its duration 
will be small, perhaps 5° for 1 to 2 hours. Because the interior face is 
saturated with moisture and the staves are not, damage from freezing 
will be relatively severe at the inner face and slight to negligible in the 
stave. Examination of weather records indicates the possible number of 
cycles of freezing and thawing is somewhere between 50 and 100 due to 
air temperature changes alone in the vicinity of Minneapolis. 

If radiant heat is taken into account the possible number of cycles 
of freezing and thawing is greatly increased for the conditions assumed, 
i.e., a more or less dry stave and a saturated interior face. Assume 
a day with a sky clear except for slowly moving cumulus clouds and an 
air temperature of say 25 F. When the sun is shining against the wall, 
radiant heat will cause an increase in temperature and, if the tempera- 
ture rise is great enough, thawing will occur at the inner face. If the 
wall is shaded, the wall temperature will drop toward the air tempera- 
ture. Thus, it is possible that the passage of the shade from a large 
cloud over the silo face will result in a cycle of freezing and thawing. 
On clear dry nights, it is possible to have freezing even though the air- 
temperature may be slightly above 32 F. 

That thawing against the wall does occur during the day time even 
though the air temperatures are below freezing is well known to users 
of silos and is employed as a salespoint by some stave silo manufacturers. 
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Because the amount of radiant heat increases with the angle of incidence 
of the sun’s rays and the altitude of the sun is low throughout its orbit 
in northern zones during the winter months, the radiant heat will be 
greater on vertical surfaces than might be expected from experience with 
its intensity on horizontal surfaces. While the subject of maximum 
radiant heat has not been investigated by the authors it seems likely 
that peaks would occur in the midmorning and in the midafternoon. 
If this is so, the southeast and southwest faces of the silos, unless shaded, 
should have the greater number of cycles of freezing and thawing. 
Attempts to check this reasoning by observation in the field have not 
been very successful though it is reasonably safe to state that the condi- 
tion of silos showing disintegration is better on the north side or on a 
shaded side than for the remainder of the silo. 


In a report™ of an extensive silo survey made by W. L. Kaiser and 
A. J. R. Curtis for the Portland Cement Association following a dis- 
cussion of the condition of other types of silos, it is stated, ‘Block silos, 
however, were found to be in first class condition and in only one case 
was there more than an incidental etching of the interior surface.”’ 
This superior durability performance of block silos has been true for the 
few block silos inspected by the senior author. Accepting frost action 
as the major factor, an explanation is immediately available in that 
the number of cycles of freezing and thawing at the inner wall face will 
be many fewer than in a stave silo because of the lesser sensitivity of 
the inner wall faces to temperature changes on the outer wall faces due 
to the better insulating properties and the higher heat capacities of blocks 
6 to 8 in. thick and usually with air spaces, as compared with solid staves 
2% in. thick. In contrast, acceptance of acid action as a major factor 
would result in the expectation that the damage to the interior face 
would be increased by increase in wall insulation because this would 
result in higher average temperature at the wall and therefore greater 
chemical activity. 


Laboratory tests and field experience have shown that freezing and 
thawing of saturated mortar or concrete will result in disintegration 
sooner or later depending on the quality of the material and the severity 
of the exposure whereas concrete more or less dry and exposed only to 
atmospheric temperature changes does live up to the well known slogan 
“concrete for permanence’’. Hence our assumed wall construction having 
a water barrier applied to the interior surface of an easily breathing 
stave will suffer damage to the surface only. There will be no decrease 
in structural stability until disintegration reaches the staves. When 
this stage is reached, the obvious action is repair of the surface. If 
this is done when required, there seems to be but one cause, to be dis- 
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cussed later, why the assumed wall construction may not last as long as 
there is use for the silo. 

If the treatment on the interior or the character of the wall is such 
that saturation occurs within the wall then frost action will eventually 
cause damage which will decrease the structural stability to a degree 
which will require replacement of the silo. 

Frost action at the interior wall faces will be greater on the areas in 
contact with the silage because saturation of the wall surface by con- 
densed water vapour plus water in the contact silage is assured whenever 
the temperature at the wall surface falls through the freezing point. 
In one silo visited frequently during one winter, ice-sheets were found 
to have formed against the walls. The appearance of the interior of a 
silo is not unlike that of stucco in areas subject to drainage of water 
down the wall. In this case also, ice-sheets form during freezing weather. 
Because silos are usually emptied gradually throughout the winter the 
frost action will be a minimum at the initial level of the silage and 
increase toward the bottom. Hence frost action can be used as con- 
veniently as acid action to explain the fact that surface disintegration is 
usually more severe in the lower parts of the silo. If frost action alone 
is considered, it follows that the condition of the walls should improve 
below the ground level. Such improvement has been observed in a 
number of silos. 

The weakness of the assumed wall construction mentioned above when 
discussing surface attack lies in excessive porosity of the wall. Highly 
porous walls take in rain more or less like a sponge and will continue to 
drip water from projecting points for many hours after the rain has 
ceased, Solution of the cement paste by the rainwater percolating 
downward within the staves will eventually cause serious structural 
damage. 

It is believed that staves having permeabilities of zero as determined 
by the method described in reference® should be safe against damage 
by percolation. It was shown in reference’ that staves meeting the 
strength requirements of the proposed stave specification® also had 
zero permeabilities, and consequently the strength requirement is suffi- 
cient to prohibit the use of excessively porous staves. 

Acid action, though not the major factor, has an important influence 
on silo durability as will be shown later. For the moment, considering 
only the interaction between the silo joices and the wall materials with 
no frost action involved, unless it is assumed that movement of liquids 
oecurs over long periods at the face of the walls, the quantity of acid 
coming in contact with the wall is not great enough to cause extensive 
damage. Even when acid is available in large quantities as in laboratory 
tests or when silage joices run down the exteriors, the damage is to the 
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Fig. 6 (a)}—Dry-tamped stave silo showing marked disintegration due to frost action. 
(b) Detail showing typical frost disintegration of dry-tamped staves. 


surface only, the body of the stave remaining hard and strong”. Thus 
the structural damage of acid is slight even under the most favorable 
conditions for its action. The senior author has seen only one silo badly 
damaged by acid in spite of earnest efforts to find such silos. After thor- 
ough examination of this case, it was his opinion that the silo could 
be put in service again for many years by the replacement of a few 
staves, proper adjustment of hoops, and treatment of the interior to 
close the joints and produce a smooth surface. The damage in the first 
‘ase was largely due to neglect of proper maintenance. 

Accepting the conclusions that (1) acid action is a surface action (2) 
frost action is a surface action when the interior surface is more resistant 
to water movement than the body of the stave and (3) both (1) and (2) 
are unavoidable but do not result in serious structural damage if the silo 
is given adequate upkeep, it follows that short lived silos can be avoided 
by eliminating those materials and methods of construction which lead 
to frost disintegration in the body of the stave. 

Fig. 5, 6, and 7 show silos which have suffered disintegration due to 
frost action and also serve to illustrate some of the points previously 
discussed. The photographs and quotations are from a silo survey made 
-by Dalton C. Miller. 
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Fig. 7—Interior surface showing frost scaling 


The silo of Fig. 5 was of monolithic construction and had been in 
service 28 years when the photograph was taken in 1937. It will be 
seen that the disintegration is most obvious on the roof, the chute, and 
the upper part of the walls. The aggregate used in its construction was 
reported to have a large clay content because of improper stripping of 
the gravel pit. It is evident from the photograph that steel forms were 
used. Because ventilation of the barn was through the chute, both the 
temperature and humidity within the chute and over the silage would be 
higher than that of the outside air and hence vapour pressure differen- 
tials would exist. Due to the uncontrolled and large clay content high 
capillarity and low strength concrete might be expected. Spading against 
the steel forms resulted in a dense outer surface thus forming a moisture 
barrier on the cold side of the stave. The combination of the above 
factors will cause moisture gain in the body of the concrete and satu- 
ration just behind the outer skin. The result of the ensuing frost action 
is shown in the photograph. It is obvious that acid action had little to 
do with this failure, particularly in view of the statement made in the 
inspection report that “the inside is said to be in good condition’. 


The silo of Fig. 6 was built from dry-tamped staves and had been in 
service for 15 years when the photograph was taken in 1936. Close 
examination of Fig. 6a and the enlarged section of 6b will show that 
the staves are badly checked and cracked. The staining is believed to 
be due largely to calcium salts from cement dissolved and deposited by 
rain action. The horizontal cracks between the hoops seen in Fig. 6a 
are caused by flexural stresses in the stave set up by rod tension created 
by circumferential expansion in the staves due to frost action. In the 
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Fig. 8—Effect of various acid exposures on the resistance to freezing and thawing 


inspection report it is stated that the “silo will probably fail from physical 
failure of the staves before acid disintegration would cause failure’. 

Fig. 7 shows the interior of a wet cast stave silo which had been in 
service 7 or 8 years when the photograph was taken. Examination of 
the photograph will show that typical frost sealing is occurring on the 
interior face at the bottom of the silo. The inspection report states 
“some staves have lost 4% in. of surface inside’. This photograph was 
included to show that frost action does occur in the areas at the bottom 
which is reputedly subjected to the most severe acid action. The exterior 
of this silo also shows extensive frost action. 

Though the above reasoning and evidence have convinced the authors 
that frost, and not acid, is the chief factor affecting the life of a silo, 
properly built and kept in adequate repair, the data of Fig. 8 show that 
acid action must be included in an acceptance test for durability. The 
specimens used to obtain the data of Fig. 8 were 2-in. cubes made from 
a plastic mortar having the following characteristics: mix by dry weight 
1:3.18, water-cement ratio 5.25 gal. per sack, 5 minute absorption 2.4 
per cent, 24 hour absorption 6.6 per cent, compressive strength after 
7 days moist curing and 7 days air curing, 7920 psi. The aggregate was 
high in chert. The cubes were subjected to the 4-cycle varied by acid 
exposure of 0, 2, 4, 6, and 9 submersions of one-half cycle each per each 
9 cycles. The plotted data are each averages for three specimens. 

Referring to Fig. 8, the per cent’s loss in weight represented by the 
straight line portion of the graphs for the specimens treated with acid 
are due to acid action and increase with increase in exposure to acid 
Frost disintegration is manifested by the curved portions of the graphs. 
It will be noted at once that the frost resistances of the specimens sub- 




















DURABILITY OF DRY TAMPED SILO STAVES 251 


jected to acid are markedly less than the resistance of the specimens 
subjected to frost action alone. It will be noted further that the points 
of tangency of the straight lines and the curves are all at about the same 
number of cycles regardiess of the degree of acid exposure. Hence, it 
can be inferred that even slight acid exposure will cause a noteworthy 
decrease in frost resistance. Consequently any test for stave durability 
must include exposure to acid. It is also evident from Fig. 8 that if the 
acid exposure is severe and the end point is taken at a low per cent loss 
in weight, the test will evaluate the acid resistance but give no data on 
the effect of the major factor, frost action. 

The authors are of the opinion that a durability cycle similar to the 
P-cycle but including one immersion in 0.16N lactic and acetic acid 
solution for each nine cycles (once per week) with an end point of 50 
per cent loss in weight holds the greatest promise for a satisfactory dur- 
ability acceptance test. 


Such a cycle referred to for convenience as cycle F has been in use in 
this laboratory for some time, but no data on dry-tamped staves are yet 
available which will permit a fair estimate of the number of cycles 
required to reach the end point. The average per cent loss for 16 dry- 
tamped specimens at 112 F-cycles is five per cent, whereas the average 
number of 4-cycles at 30 per cent loss in weight for companion speci- 
mens is 79. Obviously, the number of F-cycles will be considerably 
in excess of the number of 4-cycles. 


Kxamining cycle F by the criteria set up for an acceptance test, it is 
believed to approach requirement (1) more closely than any test cycle 
previously tried in this laboratory. It satisfied requirements (2) as to 
range and distribution of data (data of the 4-cycle was used for this 
conclusion) and requirement (4) as to simplicity of procedure and avail- 
ability of apparatus. From data on similar cycles, it is believed that 
cycle F will satisfy requirement (5). However, it does not satisfy require- 
ment (2) as to the time required for the test. Roughly estimating the 
average number of cycles required for a 50 per cent loss in weight and 
point as 200, the test would require 5 or 6 months. The cost of running 
individual specimens obviously would be prohibitive. However, if say 
twenty or more manufacturers submitted samples to one laboratory 
at the same time the cost per manufacturer would be reduced to reason- 
able proportions. The test need not be applied to the product of a given 
plant oftener than say, every second year provided that no radical 
changes in materials or methods of manufacture are made. 

Accumulation of data from such tests would, in time, permit reasonably 
accurate estimates as to the effeet of proposed changes in materials 
or methods of manufacture. 
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It may seem at first reading unreasonable to suggest that such a lengthy 
test be required by specification. However, if it is remembered that an 
attempt is being made to estimate the behaviour of a structure after 30 
years or more of service, 5 or 6 months of testing may appear too short 
rather than too long. The authors are rather strongly convinced that 
acceleration of durability tests can be overdone. Those manufacturers 
who have been unfortunate enough to market non-durable staves or 
the equally unfortunate purchasers will recognize that if the test functions 
it would be a real money saver. The cost of one or two silo replace- 
ments will pay for a considerable volume of routine testing. 
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Observations on the Durability of Dry Tamped 
Silo Staves* 


DISCUSSION by R. E. COPELAND, DALTON G. MILLER and AUTHORS 


ERRORS IN ORIGINAL PAPER 


p. 239, Last two sentences of first complete paragraph should read: “In another inves- 
tigation no correlation was found between the H-cycle and natural weathering nor 
was any relation found in this investigation to establish confidence in the usefulness 
of data from the H-cycle. Consequently no data for either the A-cycle or the H-cycle 
are shown.” (to clear up erroneous reference to ‘“P-cycle’’). 


p. 248, first sentence should read in part “. . . the body of the stave remaining hard 
and strong ()’’—this to correct the reference. 


p. 248, last sentence should read: ‘The photographs and quotations are from a silo 
survey made by Dalton G. Miller@® (to correct Mr. Miller’s middle initial and the 
reference symbol). 


BY R. E. COPELAND{ 


The authors of this paper have done well to focus attention on the 
possible importance of frost action in the disintegration of concrete silos. 


However, it may be questioned whether the data presented are suffi- 
ciently extensive to warrant the conclusion that acid attack is a second- 
ary factor compared to frost action. 


There is no question that silage juice attacks concrete rather rapidly 
when it is present in such amounts as to flow down the silo walls and 
through the joints. On the other hand, when the mositure content of 
the silage is properly controlled, experience indicates that there is very 
little trouble either with corrosion or joint leakage. The writer’s obser- 
vations lead him to believe that the problem is definitely related to the 
amount and mobility of the silage juice and that much of the disin- 
tegration, whether it be due to frost action or acid attack, can be elim- 
inated by adopting ensiling methods which avoid an excessively wet 


*ACI JourRNAL Jan. 1942; Proceedings V. 38, p. 237. 
tPortland Cement Assn, Cheago. 
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silage. Not only is the excess moisture injurious to the structure, but 
unless drained away by some means, impairs the quality of the silage. 

The theory presented in the paper concerning the moisture and 
exposure conditions in silos and their probable influence in promoting 
frost action seems to be logical but should be more definitely verified. 
It would seem that if the theory is correct it would apply generally 
and all of the thin wall type silos should be affected. This does not 
agree with the experience of several observers, that without an actual 
flow of juice the average stave silo is not affected to any considerable 
extent over a period of years. 


The relative importance of different factors is obscured by the many 
inconsistencies which cannot be explained adequately for the lack of 
complete data. For example, in Fig. 5 of the paper, it is not clear just 
why certain areas of the silo are badly disintegrated while adjacent 
areas, which obviously were subjected to the same exposure, appear to 
be in perfect condition. It is doubtful if such isolated examples are 
very helpful unless such an inconsistency can be explained. Should it 
be ascribed to differences of exposure or of concrete quality? 


In Fig. 6 of the paper is shown another example of what is definitely 
called frost disintegration. While frost action may have been a causa- 
tive condition, the possibility cannot be ignored that the disintegration 
shown would have developed with natural weather exposure and is not 
related to conditions particularly identified with silos. 


Referring to Fig. 7, it is not clear how this disintegration can be 
positively ascribed to frost action. Could it not be due to acid attack 
alone or to a combination of acid and frost action? 


With reference to some of the test results, Fig. 2 for instance, it is 
suggested that a wide variation in individual values is to be expected. 
Trends and relations would be more definite if each plotted point repre- 
sented the average of at least six cube specimens. 


The test proposed by the authors should be useful to investigators 
and stave manufacturers but would appear to be impracticable as an 
acceptance test because of the time required. 


The authors are to be commended for injecting some fresh thinking 
into the problem and it is hoped that they will find opportunity to 
develop more evidence on the subject. More extensive and thorough 
investigations of actual structures would help to clarify some questions, 
not the least important of which is the one concerning the real serious- 
ness of the corrosion problem. The writer is inclined to the opinion 
that there has been a tendency in recent years to somewhat exaggerate 
the problem. 

















DURABILITY OF DRY TAMPED SILO STAVES 


By DALTON G. MILLER* 





This paper is based on careful and extensive laboratory studies and 
is an outstanding contribution to the subject considered. The authors 
are to be commended for focusing attention on the importance of re- 
sistance to weathering if concrete silos are to be truly durable. They 
are further to be commended for showing the inter-relationship of silage 
juices and frost as agencies of deterioration. However, after reading 
the paper, the general impression that remains with this writer is that 
the data presented emphasize that high quality dry tamped staves dis- 
played great durability under the tests, and, considered from a prac- 
tical standpoint, it is unfortunate that this was understressed by the 
authors when the fact is so clearly indicated. 


Referring to Fig. 1 the authors state ‘“‘. . . the absence of a relation- 
ship clearly indicates that the transverse strength is not an adequate 
criterion of resistance to freezing and thawing.’ In Fig. 1, it will be 
seen that there were a total of 53 staves tested. Of these 53 staves, 
25 passed the specification strength limit indicated, and 28 did not meet 
the requirement. Of the 25 that met the strength requirement 20 
(80 per cent) had not failed at 800 reversals while of the 28 staves that 
failed to meet the strength requirement, only 5 (18 per cent) passed 
800 reversals. 


The authors stated early in the paper that, ‘‘The investigation has 
been predicated on the belief that the essential requirements of an 
acceptance test are: 


1. ‘The test is a true measure of quality under examination.”’ They 
further state, ‘““Because of the time element involved in durability tests 
and service records, it is doubtful if there ever will be general agree- 
ment that any acceptance test for durability satisfies the first require- 
ment.’” Now bear in mind that the staves from which these cubes 
were cut were from a number of manufacturing plants, of aggregates 
from different sources, of different mixes as regards the quantity of 
cement, variously tamped and cured, and of different ages when tested. 
Regardless of all these variables the correlation between transverse 
strengths and durability, while short of the stated requirements of an 
ideal performance test, was of a high order and the test has one funda- 
mental requirement of any completely satisfactory performance test in 
that it is easily applied. Much may be said in favor of any fairly re- 
liable performance test that is simple enough to be readily applied, and 
as a consequence generally used, as against a more accurate test that 
is so tedious of application that it is rarely used. 


*Senior Drainage Engineer, Soil Conservation Service, U. 8S. Department of Agriculture, University 
Farm, St. Paul, Minn. 
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Referring to Fig. 2, the authors state that ‘‘no relation between acid 
resistance and frost resistance was obtained for those specimens which 
had reached an end point”. The statement may be true in a strict sense, 
but there is ample room for difference of opinion regarding the signifi- 
cance of the data as presented in Fig. 2. Results of tests of 52 staves 
are shown on the figure of which 23 had not reached the end point of 800 
reversals of freezing and thawings. Of these 23 staves, 19 (80 per cent) 
required more than 75 days under the acid test to scale to a depth of 
gin. Of the other 7 staves that required 75 days to scale to a depth 
of 1% in., 4 went in excess of 550 reversals before failure and the 3 others 
were by no means the worst of the lot of all those that failed early in 
the frost test. Correlation between the two tests is admittedly not 
exact, but there is a definite general agreement. 

Referring to results of the 5-minute absorption test as shown in the 
upper left corner and in the upper right corner of Fig. 3, the authors 
state, “‘No relations are exhibited by the data for either the five minute 
absorption or for the ratio of five minutes to 24 hours, though it is true 
the chance for high resistance to frost action is greater for specimens 
having low values of either these measures of absorption.’’ Here again 
it is entirely logical to arrive at exactly the opposite conclusion. In- 
spection of the fifty 5-minute absorption points as plotted at the upper 
left of Fig. 3 shows that 20 staves had passed 800 reversals of freezing 
and thawing of which 16 (80 per cent) were below 3 per cent absorption 
at 5 minutes and 2 more very slightly above this limit. On the other 
hand, of the 30 staves that failed, only 6 (20 per cent) were below 3 per 
cent absorption. Considered alone the 5-minute absorption test of the 
staves shown would not be entirely satisfactory as a performance test, 
but certainly there is definite correlation of results of this test and the 
resistance of exposure to the P-cycle. 

The authors state, immediately following Table 1, that ‘the sur- 
prisingly high resistance of the dry-tamped mortars to the P-cycle is 
attributed to their high air voids, ete.,’”? and mention that “Durability 
studies on brick have shown that the effect of freezing and thawing is 
greatly reduced if the ratio of absorbed water to pore space is 0.8 or 
less.”” The writer questions that dry tamped silo staves of high strength 
and low permeability can fairly be said to have high air voids, as this 
is a characteristic of low strength staves of lean sand mixes of consis- 
tencies on the dry side. As regards the reference to the permissible 
saturation coefficient of 0.8 for brick, A.S.T.M. Specifications for Clay 
Building Brick (C62-39T) contains this clause under 2 (c), “If the 
average compressive strength is greater than 8000 psi. or the average 
water absorption is less than 8 per cent by weight after 5 hours sub- 
mersion in boiling water, or less than 6.4 per cent in cold water, the 
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Modulus of Rupture, Ibs. psi a . 
691 806 922 1037 152 267 382 
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requirement for saturation coefficient (CB) shall be waived.’ In other 
words, the high strength dense brick of low absorption are assumed to 
be weather resistant without further test, an assumption that exactly 
coincides with the opinion of the writer as regards durability of high 
strength, low absorption concrete silo staves. Both clay and concrete 
products of this type are weather resistant to a high degree. 


At University Farm of the University of Minnesota tests have been 
made of many concrete silo staves during the past 15 years. Included in 
the tests was one of exposure to weak solutions of acetie and lactic acids.* 


Results of tests of 126 silo staves from some dozen plants are shown 
on the accompanying graph (Fig. A) of which the ordinates are strength 
and 10-minute absorption. The staves have been separated into four 
groups as indicated based on loss of material during 20 days exposure. 


Reference to this figure shows that those staves which best resisted 
the acid were in general those high in strength and low in 10-minute 
absorption. If a minimum limit were fixed at 140 lb. per in. of width 
for the transverse strength, and 2 per cent for the maximum absorption 
after 10 minutes in water, 38 staves would have met requirements 33 of 
which (87 per cent) were in the two groups highest in acid resistance, 
while only 2 staves (5 per cent) from the group lowest in acid resistance 
would have passed. If the strength requirement be kept at 140 lb. and 
the absorption limit raised to 3 per cent, then 50 staves would have 

*Laboratory Tests of Concretes and Mortars Exposed to Weak Acids, Miller, Manson, and Rogers 


Agricultural Engineering, Nov. 1939 (V. 20, No. 11). 


4 Flow Method for the Determination of the Effects of Soluble Chemicals on Concrete; Miller, Rowers 
and Manson, ASTM Year Book, V. 39, 1939. 
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passed of which 40 (80 per cent) were in the two groups most resistant 
to acid and but 4 staves (8 per cent) from the group lowest in acid 
resistance. At the other extreme, of 29 staves with strengths under 
120 lb. and absorptions in excess of 3 per cent 24 (86 per cent) were 
from the group lowest in acid resistance while the others all came from 
the group second lowest in resistance. Most certainly these results 
indicate correlation between strength and absorption and acid resistance. 
Admittedly the correlation is not exact, but the writer believes well 
within usable limits. A 10-minute, or other short time absorption test 
is closely reproducible regardless of the age of the specimen and is a fair 
indicator of permeability, provided the size and general shape of specimens 
are reasonably uniform as may be specified. The transverse strength of 
staves has been found somewhat erratic although generally not so to an 
extreme. It would be better laboratory practice to make three breaks of 
each stave and take the average as the true transverse strength. The 
routine would be to first break the stave by loading at mid point of a 
24-in. span and then break each half by loading at mid point of a 12-in. 
span, reducing each short span result by one-half, 

Now it is true that some silos built of staves of relatively low quality 
as indicated by strength and absorption tests have had good service 
records. On the other hand, the writer has never seen a silo of high 
strength and low absorption staves, made of durable aggregates, that 
gave any evidence of distress because of weathering. [Exposure con- 
ditions of individual silos vary widely due to a number of factors among 
which is the moisture content of the material ordinarily ensiled, This 
varies greatly due to local practices. Corn grown on peat land in the 
northern latitudes is generally immature when ensiled making for wet 
silage while corn from high land is in many cases ensiled on the dry 
side, with respect to best keeping qualities of the silage, but decidedly 
favorable with respect to acid action on the silo. Some barns ventilate 
the moist barn air through the silo by way of the chute, a situation 
extremely severe for low quality concrete. Because of the wide differ- 
ence of exposure conditions to which silos may be subjected it serves 
little useful purpose to cite low grade concrete silos that have given many 
years of good service as evidences of durability because the same struc- 
tures conceivably would have given very unsatisfactory service under 
more severe exposure conditions. A permeable silo stave, even though 
it might last a long time in service, is not a satisfactory unit because it 
permits passage of discolored silage juices, and makes an unsightly 
structure of which there already are far too many. 

It is stated in the paper, just before the discussion of Fig. 2, that “The 
authors know that very dense rich and strong mortars made with durable 
aggregates are highly resistant to freezing and thawing,’ and scattered 

















DURABILITY OF DRY TAMPED SILO STAVES 252-7 


all through the literature on concrete are many papers dealing with the 
problem of weathering. The writer knows of no evidence that discredits 
well placed high strength concrete of durable aggregates. Because of the 
methods of manufacture in general use, it is not feasible to produce dry 
tamped silo staves of high strength and low permeability unless close 
observance be given the following details: 

1. Well graded, durable aggregates. Stripped of all technicalities, this 
means well graded concrete sand plus about 20 per cent gravel passing 
a %¢-in. sereen, and retained on a No, 4, the size generally spoken of as 
“pea” or “buckshot,” all materials to meet the ASTM specifications, 


2. Consistency of mix as wet as will permit immediate stripping of 


the forms without undue ‘sagging’ of the staves. The water cement 
ratio for commercial dry tamped staves, as made, can hardly exceed 4 
gal. of water per bag of cement. Undue “sag” is about .030-in. out of 
line measured along either edge of the stave. 

3. Rich mixes. High strength, low permeability dry tamped staves 
are rarely of a mix leaner than 1:4, about eight 65-lb. staves per sack of 
cement, 

1. Adequate tamping and proper curing. 

In conclusion, the only argument raised against making staves as rich 
as 8 per sack of cement is the cost. This ts not a valid objection as can 
be shown. For instance, about SOO staves are required for a 14x40-ft. 
silo and made at the rate of 8 per sack, will require 100 sacks of cement. 
If made at the rate of 11 staves per sack, 73 sacks will be required, 
Assuming the cost of cement during normal times at 55 cents per sack, 
the saving of 27 sacks of cement will amount to $14.85. The complete 
cost of a 14x40-ft. concrete stave silo ordinarily runs between $600 and 
$800; therefore a difference in cost of $14.85 is less than 21% per cent. If, 
as the writer believes, this slight additional cost increases the durability 
of the structure, the amount is of no consequence spread over an antici- 
pated life of many years. 

Dry tamped conerete silo staves made along these lines will have 
flexural strengths averaging upward from 130 |b. per in. of width and 
generally will have a 10-minute absorption under 2 per cent. Such 
staves will not wet completely through following storage in water for 
24 hours. They will be durable against frost action, resist acid to a 
high degree, and remain at good appearance after many years of anything 
like normal service. Such staves are no better than are now made at 
many, probably most, of the plants in Minnesota and are truly a durable 
high grade concrete product, 

AUTHORS’ CLOSURI 
Because the acceptance of frost action instead of acid action as the 


chief factor in silo disintegration requires radical revision of present 
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opinion on several features of silo construction, particularly on surface 
treatments, the authors had hoped for full discussion of the paper by 
those interested in the silo industry. Consequently, Mr, Copeland’ 
contribution is very welcome. 

In his second paragraph Mr. Copeland expresses doubt that the data 
of the paper justify the conclusion that frost action is more important 
than acid action in silo durability. In his last paragraph he suggests the 
desirability of “more extensive and thorough investigations of actual 
structures.”” As a matter of fact the paper presents no data leading 
directly to the above conclusion other than the photographs of Vig. 5, 6, 
and 7, It does present an explanation for the evidences of disintegration 
found in some silos in service of which those of the above figures were 
selected as typical. This explanation was reached after some years of 
extensive field and laboratory investigations and many hours of discu 
sion with silo manufacturers and silo experts, No silo manufacturers of 
the authors’ acquaintance will deny that at least 90 per cent of all con 
crete silos that have become total losses failed because of excessive 
spawling or cracking similar to that exhibited in Pig. 5, 6, or 7. Labora 
tory investigations leave little doubt that spawling and cracking are not 
due to acid corrosion, whereas they are generally accepted as manifesta 
tions of frost action. 

Referring to Mr. Copeland's fourth paragraph, the authors do believe 
that their “theory”? does apply to all thin wall type silos, and for thi 
reason the photographs of big. 5, 6, and 7 were selected because they show 
frost disintegration for a monolithic silo and for silos built of dry-tamped 
and wet cast staves respectively, Comparison of the graphs of Fig. S 
of the paper for no acid exposure and for various degrees of acid exposure 
will show that acceptance of frost as the chief agent would “agree with 
the experience of several observers that without an actual flow of juice 
the average silo is not affected to any considerable extent over a period 
of years.”’ All laboratory tests have indicated acid disintegration to vary 
directly with the time of exposure whereas a specimen exposed to freez 
ing and thawing may show no evidence of distress for many cycle 


The inconsistencies referred to by Mr, Copeland in his discussion of 
hig. 5 are not apparent to the author There can be no question, how 
ever, that the disintegration shown, particularly that in the chute, is not 
due to acid action, Frost action in chutes and roofs of monolithic silos | 
not as “isolated” as might be desired in this district 

In reference to Mr, Copeland’s discussion of Tig, 6, the authors have 
always believed natural weathering to signify a disintegration cnatised by 
natural temperature variations in which frost action was the ehief disin 
tegrading agent, Consequently, their explanation of silo durability is in 
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perfect accord with the statement that “the possibility cannot be ignored 
that the disintegration shown would have developed with natural weather 
exposure and is not related to conditions particularly identified with silos,”’ 
In other words, it was caused by frost action and not acid action, 

With reference to Fig. 7, close examination will show scaling. While 
sealing is generally regarded as typical of frost action, it is incompatible 
with the acceptance of acid corrosion as a major factor in the disinte- 
gration 

So far as Mr, Copeland’s discussion of Fig. 2 indicates the desirability 
of a greater number of data the authors agree with him. ‘They do not 
believe, however, that as much information is shown by the use of aver- 
ages us by the use of all data. The arithmetic average is generally 
regarded as a rather inefficient statistic 

The acceptance test proposed by the authors was intended for investi- 
gators and stave manufacturers and is obvisouly impractical as a test to 
he apphed by a consumer to a given assignment of silo staves. If the 
investigators and manufacturers can be brought to agreement on an 
acceptance test for stave durability then, perhaps, some short time test 
adequate for the consumer's purpose can be devised, 
|Note About the time Mr, Copeland's discussion and the authors’ closure were to have 


yone to pre in the June 1042 JOURNAL neeording to schedule, Professor Hughes sug- 


gested postponing publication to admit diseussion from Mr, Miller, Before Mr, Miller's 
discussion was received Professor Hughes had left the University of Minnesota to join 
the Canadian army and has not responded to the opportunity which ACL tried to give 
him to extend his ormimnal closure to elude comment on Mr, Miller's contribution 
Mprron. | 
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SYNOPSIS 


Presents a summary of the development of the wallboard type of 
absorptive form lining as a practical means of eliminating defects and 
effecting other improvements in formed concrete surfaces. The paper 
describes briefly the laboratory investigations made, field tests to 
determine the practicability of the method, purchase specifications, and 
the experiences to date in using absorptive form lining in actual con- 
struction. 


INTRODUCTION 

Kor many years builders have been confronted with the problem of 
eliminating common defects such as air and water voids, sand streaks, 
watercourses, and unsightly joints on formed concrete surfaces. At- 
tempts to develop a practical technique for improving formed surfaces, 
confined mainly to studies of mix proportions, consistency, compaction, 
form coatings, and special finishing procedures, have been only partially 
successful. The continually broadening use of conerete, not only as a 
structural material but also as a medium of modern architectural expres- 
sion, created a growing demand for more pleasing and uniform appear- 
ance and for increased resistance to weathering and to high-velocity 
water flows in hydraulic structures. The Bureau of Reclamation began 
an intensive program of investigation in May 1938, which ultimately 
lead to the development of absorptive form lining well into the phase of 
practical use. 

LABORATORY INVESTIGATIONS AND FIELD TESTS 

The first studies" were made on concrete placed beneath an over- 
hanging form, such as required for a sloping spillway surface. Observa- 
tions and drill holes through pyralin windows in the forms conclusively 
showed that the surface pits were caused principally by entrapped air 

lew" ay Dec. 2, 1941. 


Engineer, Bureau of Reclamation, Denver, Colorado. 
tSenior Engineer, Bureau of Reclamation, Denver, Colorado. 
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and that movement of free water accounted for most other common 
surface defects. (These findings are in agreement with Earley,** whose 
pioneer work in developing architectural concrete to a high degree of 
refinement has been eminent for many years.) 

The preliminary tests indicated the necessity for removing air and 
water accumulating at formed concrete surfaces and suggested the idea 
of an absorbent form lining as a possible practical solution. Burlap, 
muslin, fabric-covered screen and mesh, blotters, wood pulp, and other 
materials were tried with varying degrees of success. Best results in 
the laboratory tests were obtained with vacuum mats but the required 
procedure was not considered practical under complicated conditions. 

The first real progress from a practical viewpoint was indicated by 
using ordinary insulating wallboards for form lining. Surface voids were 
materially reduced, other blemishes were diminished, and a general 
improvement in the quality of the surface concrete was noted. The 
major difficulty was occasioned by the board sticking to the concrete to 
a degree which required scraping or wire-brushing to remove embedded 
fibers. Tests with commercially available boards of various brands, 
types, and materials (wood, cane, and straw) demonstrated a common 
characteristic for bonding. Attempts to inhibit the sticking tendencies 
of wallboards were made by treating them with chemicals and oils. Lin- 
seed oil gave the most promising results but it was impracticable to apply 
the oil after the lining was installed in the forms, and treating the board 
beforehand or at the factory, created a dangerous fire hazard. 

About this time, the use of fiber wallboard was given impetus by the 
experience gained during the construction of the Los Angeles Railway 
Terminal Building ®. Standard fiber wallboard was used on that job 
for lining both exterior and interior wall forms. Uniform texture of the 
surface had been the original aim which, incidentally, was accomplished 
satisfactorily, but it was also observed afterward that the concrete 
surfaces were notably free of crazing and resisted disintegration from 





locomotive smoke better than ordinary formed concrete. Linseed oil 
yas added on the job at least 48 hours before use, which effectively 
eliminated bonding to the concrete when the forms were removed within 
5 days. (It is understood that a carload of material was lost by spon- 
taneous combustion while stored after oiling.) 

Laboratory efforts to develop fiber boards as a practical absorptive 
form-lining material were continued by applying muslin fabrics to the 
surface to prevent sticking. The laboratory results were very satis- 
factory as concrete free of surface defects was consistently obtained, with 
increased density, increased resistance to freezing and thawing and 


**John J. Earley has presented many papers on this general subject, the titles of most being listed under 
his name in the 1041 ACI Directory 
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abrasion, reduction of crazing tendencies, and higher flexural and com- 
pressive strengths as shown in Fig. 1 to 5, inclusive. It was obvious 
that the improvements in concrete qualities resulted from reduction in 
the water-cement ratio at and near the surface to provide a ‘‘case-hard- 
ened” effect ©, 

The problem of developing and fabricating a suitable material on a 
commercial basis was made possible through the splendid cooperation 
of several manufacturers of wallboard products. The use of fabric 
facing was soon abandoned as special chemical treatments to eliminate 
sticking and at the same time provide some control of the initial rate of 
absorption by the board proved more practical and economical. 


Large-scale field tests were conducted in October 1939, on the down- 
stream face of Grand Coulee Dam. Twenty-two different linings, 
furnished by four manufacturers, were tried under normal job condi- 
tions. Although the results were mediocre as compared to the results 
that are now being obtained, the field test at Grand Coulee Dam indi- 
cated that surfaces formed with wallboard lining were superior both in 
quality and appearance to those formed with wood or metal forms.“ 


Friant Dam, where lining was first used on a practical basis, became a 
proving ground for many of the facts known about form lining today. 
Manufacturers were given an opportunity to demonstrate their products 
after potential effectiveness had been demonstrated in the laboratory. 
Practical handling and installation techniques have been developed 
and desirable performance characteristics established from the Friant 
Dam experiences", 

Other construction agencies, notably the Tennessee Valley Auth- 
ority ®, U. 8S. Corps of Engineers, and the Wyoming State Highway 
Department’, became interested in absorptive form lining and conducted 
independent field and laboratory investigations or actually used form 
lining in construction. Johnson has presented an excellent report’ on 
the investigations and experiences at Kentucky Dam. An important 


“ce 


conclusion stated, in part, that: It is also highly probable that by 
increasing the water-cement ratio and reducing the cement content, the 
surfaces produced will still be considerably better than we are obtaining 
today with lower water ratios and higher cement contents 

Laboratory studies are being continued for the purpose of establishing 
the fundamental, physical characteristics most desirable for a form-lin- 
ing material, and the exact processes by which the indicated improve- 
ment in the quality of the surface concrete is effected. These studies have 
established the fact that absorptive form-lining materials now in use 
effects measurable decrease in water-cement ratio of the concrete to a 
depth of approximately one inch from the surface, depending on the 











256 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE January 1942 











Fig. 1—Durability test on 3 x 3 x 9-in. concrete blocks formed by various types of lining 

as compared to wood-formed blocks (marked F W). The latter failed at approximately 

110 cycles of freezing and thawing. Two top rows, 60 cycles; two lower rows, 100 cycles; 
two top rows, opposite page, 260 cycles. 


The symbols designating speci in the two top rows (after 60 cycles) are: 


top row FF8, FC8, FH8, FN8, FW13, FW14, FW15, FW16 

@nd row FF9, FC9, FH9, FNY, FF10, FC10, FH10, FN10 
There is an identical sequence in the 3rd and 4th rows (100 cycles) and on the opposite page the 5th and 6th 
rows (260 cycles). 
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Fig. 1 Continued—See opposite page. 


lining. ‘The water-ratio decrease was the greatest at the surface, pro- 
gressively reducing toward the interior as shown in Fig. 6. 

This information was based on tests made by sampling sand mortars, 
two hours after placing, at varying depths from the linings and oven- 
drying each sample, to determine the water content. The reduced water 
contents near the surface are attributed to the absorptive action of the 
form lining. 

SPECIFICATIONS 


Specifications issued by the Bureau of Reclamation for the purchase 
of the wallboard type of form lining™ were based principally on the 
physical properties (strength, absorption, adaptability for field use, etc.) 
of the board itself and a performance test in which a formed 3- by 5-ft. 
concrete slab was cast on a 0.7 to 1 slope. The physical properties were 
based on tests of boards which had functioned most. satisfactorily in the 
previous tests. The purchase specifications also stipulated: 

The form lining shall be capable, through its absorptive capacity, of eliminating, to 
the extent specified, voids, pits, and other common defects from the surface of concrete 
placed against it. The form lining shall be highly absorptive to air and water and 
possess surface characteristics resulting in a satisfactory surface texture of the hard- 
ened concrete and a minimum amount of sticking upon removal of the forms. The 
lining shall be readily adaptable to cutting, fitting, and any other operation necessary 
in connection with its use. The lining itself, and any coating or treatment employed 
in its manufacture, shall be such as will not create discoloration or interfere with normal 
chemical reactions of the cement in the concrete. 
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Fig. 2—One minute abrasion test. The surface of the wood formed concrete (right) was 


completely eroded in this test leaving nothing but the coarse aggregate to withstand the 
wear. The absorptive formed surface, (left), was only slightly affected by like treatment. 


4 
127 na 


s & Me Ae,’ 





Fig. 3—The concrete surface produced against a wood form (right) crazed much more 
than the surface produced against an absorptive lining (left). 
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Fig. 4—Modulus of rupture of wood formed and absorptive formed beams. 
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Fig. 5—Compressive strength of absorptive formed and wood formed modified cubes. 


It was required that bid samples be furnished to determine conform- 
ance of the proposed material, Provisions were included to control the 
size of bundles in shipment to simplify handling operations, 

After accidentally installing sheets backwards on some of the early 
work, the specifications were revised to provide for appropriate markings 
in every square foot of each sheet. The reverse side of form lining, in 
general, does not function in the manner desired. 

Recently, attention and study have been directed to a different type 
of lining which consists of a thin absorptive paper-pulp sheet faced with 
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Fig. 6—Typical curve showing reduction in 
water - cement ratio of mortars formed 
against absorptive form lining. 
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muslin. The composite sheet is less than M-in. thick and has been 
effective, both in the laboratory and in the field as a form-lining material. 


FIELD EXPERIENCES IN THE USE OF ABSORPTIVE FORM LINING 

During the last 18 months, several million square feet of the wall- 
board type of absorptive form lining have been used on a variety of 
Reclamation structures, including a large concrete dam, spillways and 
outlet works for earth dams, control houses, and power and pumping- 
plant buildings. The objectives have been to obtain: (1) Improvement 
in hydraulic characteristics and increased resistance of the concrete 
to cavitation resulting from high velocity water flow; (2) increase resist- 
ance to freezing and thawing and surface checking and crazing; (3) 
improvement in architectural appearance. 

The results have been generally very satisfactory and the cost reason- 
able. The improvement in surface appearance has been striking, with 
practically all air voids, sand streaks, and other common defects elimin- 
ated (lig. 7). Marked improvement in construction joints with the 
use of absorptive lining is also obtained, although when architectural 
considerations are of primary importance, special joint treatment, as 
discussed later, should be employed. While laboratory tests conclusively 
demonstrated the superiority in weathering resistance of absorptive 
formed over ordinary formed concrete, service histories are too short 
as yet to indicate the corresponding behavior under field conditions. 

The delivered cost of the wallboard type of lining has varied from 31% 
to 5 cents per square foot. The gross handling and installation costs 
vary with the particular job conditions involved, from 8 to 15 cents per 
square foot. In some cases a large part, if not all, of this over-all cost 
is offset by direct construction savings in the initial cost of forms, form 
cleaning, oiling and maintenance, curing and protection, and special 
surface finishing. 
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Fig. 7—Downstream face of a dam comparing surface formed by absorptive lining above 
with that produced below against ordinary wood lagging. 


HANDLING WALLBOARD FORM LINING 


Wallboard lining is normally supplied in sheets ¥% in, thick by 4 ft. 
wide and & ft. long. Special sizes cut to predetermined lengths can be 
obtained readily but widths other than even factors of 12 feet usually 
require special manufacturing provisions or waste, A 4- by 8-ft, sheet 
has sufficient structural strength to permit ready handling by one man. 
Longer lengths can be obtained but they are somewhat awkward to 
handle and are more susceptible to damage during installation. The 
structural strength of lining boards now available limits the length which 
can be handled to about 12 ft. The boards should be obtained in bundles 
of six, wrapped in strong waterproofed paper for protection in handling 
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and from the elements until they are used. ‘‘Dog houses” or special 
crates should provide storage on the job for working supplies of boards. 


INSTALLATION 


On complicated work, layout diagrams showing the location and identi- 
fication number of each board will be found advantageous. The sheets 
can then be cut to dimension in the carpenter shop or yard and quickly 
installed in the forms without confusion or delay after transportation to 
the work in the special crates or skips. Cutting can be satisfactorily 
accomplished with ordinary power saws. Holes can be drilled with 
common wood bits, or a cutter similar to a cork borer driven by a power 
hand drill has been found useful for drilling tie-rod holes. Other special 
cutting tools are available or may be devised and made where expedient. 


Forms should be constructed in the usual manner with proper allow- 
ance in dimensioning for the liner sheets. Lagging need not be as smooth 
as for forms which are not to be lined. The lining should not be counted 
on to supply any structural strength or handling stability. Backing for 
the lining (lagging) should be of solid wood and reasonably free of irregu- 
larities. Fastening the lining to the form panels should be the last 
operation before final alinement and clamping the forms in place. Even 
then, care must be exercised to prevent damage to the lining in the final 
stages of preparation for actual concrete placing. 


Fourpenny casing nails, driven just flush with the board surface, have 
been found adequate for fastening the lining to the forms. The nails 
should be spaced on 3- to 6-inch centers around the edges and on 12- 
to 18-inch centers over the balance of the lining surface. Nails with 
larger heads will leave imprints in the concrete. On one job involving 
thin walls, the lining was fastened with wood screws from the back side 
of the forms (Fig. 8). Form spreaders should be used sparingly and where 
used should be provided with large bearing plates to prevent compress- 
ing the lining. Absorptive lining expands considerably on absorbing 
moisture and the sheets should be spaced about l% in. apart to prevent 
buckling. Metal shims (Fig. 9) of proper thickness have been used 
effectively for spacer gages. With proper attention to the spacing detail, 
joints between lining sheets are hard to detect on the hardened concrete. 


It is impractical to place absorptive lining during heavy rains but 
during light rains or after installation, protection with canvas has proved 
practical. Slightly damp lining can be dried after it has been installed 
by portable warm-air blowers which are available on the market. 

The absorptive lining should overlap the old concrete about two inches 
at a plain construction joint. A filler strip of hardwood should be tacked 
to the form lagging just below the lining to provide bearing against the 
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old concrete when the forms are tightened in place. 
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Fig. 10 (above)—Successful use 

of 1 - inch deep architectural 

grooves. A _ horizontal con- 

struction joint is located in the 

lower groove. Note the excellent 

surface texture rf the concrete 
wall. 


Fig. 11 (left)—Probably an ex- 
treme example of the resulting 
concrete surface when the fiber 
lining was damaged by contact 
with carelessly handled vibrator. 


the filler strip will vary somewhat with the job conditions, rate of plac- 


ing, and consistency of the concrete. 
the pressure of the fresh concrete will just balance the swelling tendency 
of the lining board as it absorbs moisture, and thus prevent bulging or 
an underlip at the construction joint. 








The thickness should be such that 


lor dry concrete in massive 


sections where an appreciable interval elapses between placing successive 
layers, the filler strip should be the same thickness as the lining. 
thin walls involving more rapid rate of vertical progress in placing the 





The thickness of 
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wetter concrete, the filler should be somewhat less than the lining thick- 
ness, such that the lining board will be compressed about -in. when 
the forms are tightened in place. 

Although marked improvement in appearance at construction joints is 
obtained by the use of absorptive form lining, the joints will still be 
conspicuous on the hardened concrete surface. Therefore, where archi- 
tectural effects are desired, grooves should be formed in the concrete 
at construction joints (Fig. 10). With a little thought and planning 
during the designing stage, architectural grooves can be used very 
effectively to obtain pleasing appearance. 


PLACING CONCRETE IN ABSORPTIVE LINED FORMS 

The final preparations for placing concrete after absorptive lining is 
in place, such as construction-joint clean-up and washing, installation 
of embedded parts, and placing of reinforcing steel, should be held to a 
practical minimum in order to avoid damage to the lining. No experience 
has been had in compacting concrete in absorptive lined forms by hand 
methods. The practicability of hand methods is questionable because 
field tests have shown that even specially designed tamping and spading 
tools will damage the lining wherever contacted and leave blemishes on 
the concrete surfaces. Internal vibrators have been used for compacting 
all concrete placed in lined forms on Reclamation projects. The vibra- 
tors must not be allowed to contact the lining (Fig. 11), or to come suffi- 
ciently close to kick the largest pieces of aggregate against the lining 
or the concrete surfaces will be blemished. When the heavy-duty 
vibrators are being used, as with mass concrete, a small, easily handled 
unit should be provided for compaction near the forms (Fig. 12). Con- 
crete placing should be maintained at as uniform a rate as practical in 
layers not exceeding 12 in. The interval between layers should be less 
than 30 minutes if possible. 

Theoretically the more moisture that the lining board will absorb from 
the concrete before it attains initial set, the more beneficial will be the 
effect. However, certain practical considerations have a direct bearing 
on rate of absorption by the lining material. When very dry concrete 
mixes are used or in a very hot arid climate, a high initial rate of absorp- 
tion will tend to cause a grab action and a thin layer of concrete adjacent 
to the lining will “freeze” to the surface. This prevents proper consolida- 
tion, tends to trap air bubbles just below the prematurely stiffened sur- 
face layer, and cause a skin peeling when forms are stripped, if an ap- 
preciable interval elapses between placing successive layers of concrete. 
Because of these possible conditions, concrete slumps less than 14% to 2 
in. are not recommended with absorptive form lining. It has been found 
practical to alleviate the grab tendency of the board, particularly when 
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caused by high temperatures, by lightly priming the lining just ahead 
of placing operations with a light fog water spray. 

Vibration of the fresh concrete should be thorough and systematically 
accomplished. Mortar splash against the lining should be held to a 
minimum, If grooves are not used at construction joints, grade strips 
should be tacked to the forms in finishing out a lift to obtain a straight- 
line joint mark on the concrete surface. 

STRIPPING FORMS 

Forms should be stripped within 36 hours to avoid sticking of lining 
to the concrete. When forms are left in place for longer periods, fibers 
will adhere to the concrete surfaces. Wire brushing or light sandblasting 
is then required to remove the adherent fibers. The lining boards have 
practically no salvage value after one use as they have very little struc- 
tural strength when saturated and cannot be removed from the job with- 
out being broken, Care in removing forms is required or the lining will 
be badly broken up, thereby introducing disposal complications. 

TREATMENT OF CONCRETE SURFACES FORMED AGAINST ABSORPTIVE 

LINING 

Concrete surfaces formed against absorptive lining present uniform 
appearance and an even texture. Any discontinuity of the normal 
appearance and texture is contrastingly magnified to a degree not 
encountered on surfaces formed with ordinary methods. Curing water 
stains (lig. 13), patching, and construction marks of all kinds should 
be held to the practical minimum, If the utmost in architectural appear- 
ance is desired, the surfaces may be wire-brushed soon after forms are 
removed or very lightly sandblasted after completion of the curing period. 
In the latter method, a fine sand and low pressure should be used and the 
sandblast nozzle held at a flat angle. Recent observations have indi- 
cated that the sandblasting will be most effective if performed as soon 
as possible after curing has ceased. If this procedure is followed, the 
characteristic texture will not be affeeted (Fig. 14), 

Patches may be made to blend unobtrusively with adjacent surface 
by firmly pressing or hammering a piece of the lining material against the 
freshly placed patching mortar, Matching color in the patching mortar 
can be obtained by blending white cement with the regular job cement in 
proportions as determined by trial. 

CONCLUSIONS 

1. Absorptive lining for formed concrete is a practical, proven method 
for eliminating voids and other common imperfections on formed concrete 
surfaces 

2. A uniform, pleasing surface texture may also be secured thereby, 
However, ordinary construction discolorations are abnormally con- 


spicuous and should be removed if present on architectural concrete, 
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3. Absorptive-formed surfaces are superior in durability and resist- 
ance as compared to concrete formed with the conventional wood or 
metal forms. 

4. It follows that concrete which will be placed against absorptive 
forms can be proportioned with a higher water-cement ratio and con- 
sequent decreased cement content for a given consistency and degree 
of durability. 

5. The surface improvement which is gained by the use of absorptive 
lining is well worth the increased cost which can be offset to a consider- 
able extent by cheaper form lagging, elimination of form cleaning or 
oiling, lower cement content, and elimination of special finishes. 

6. Recent laboratory developments indicate that the improvement due 
to form lining is not limited to a skin effect but penetrates into the mass, 
being progressively less with depth. 

7. Form-lining materials now available on the market would be 
materially improved if they were less susceptible to damage during nor- 
mal construction operations and less affected by climatic changes. 

8. More needs to be learned about the fundamental behavior and 
the basic physics of absorptive form lining and its action when used 
against concrete. 
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Discussion of a paper by Vidal and Blanks: 


Absorptive Form Lining* 


CONVENTION DISCUSSION: MR. BLANKS RESPONDS TO QUESTIONS 


()... Under existing priorities is this form lining material obtainable? 

A. We have had a little difficulty recently, although we have been 
able to obtain all that we have needed. It is not predictable how long 
this will continue. 


(.--How many uses can we get out of the material? 
A.— It can be used once only, and has little, if amy, salvage value. 
().- What is the approximate cost per square foot? 


A.-For the lining material only I think we now pay four cents a 
square foot. The installation cost will vary, depending on job condi- 
tions, anywhere from ten to fifteen cents per square foot for massive 
concrete work. For thin, heavily reinforced sections and where the 
ultimate in architectural appearance is desired, the cost may run as 


high as 35¢ per square loot. 


(). What is your experience with concrete as cast face down—-on top 
of the absorptive form lining as for a ceiling? 

A. We never made such use of the material but [| see no reason 
why it would not function all right if sufficient care were exercised to 
avoid damage to the lining during placing and compacting of the con- 
crete, 

Q. What are the bad features of the material? 


A. ‘They are principally due to handling difficulties and the added 
complications on the job. There are no bad features, we have found, 
as far as results are concerned, other than that the lining has to be 
handled carefully to avoid damage and it must not get very wet. If 
damp it can be dried out, Under some conditions, it will expand—the 

HAC] JouRNAL, Jan. 1942; Proceedings V. 38 p. 253, 
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joints between adjacent sheets must be correctly spaced. When the 
rate of absorption is too fast, it will tend to “freeze’’——-rapidly stiffen 
the surface skin of concrete. Under some conditions this may result in 
a surface peeling when forms are removed. There are a number of other 
minor complications when it is used on the job. 

Q.-—-Is there any method of controlling the rate of absorption? 

A.—-The whole development of the wallboard type absorptive form 
lining was made possible through the splendid cooperation of a number 
of wallboard manufacturers, and they have been very active and very 
cooperative in deveolping the needed characteristics. Just what those 
characteristics should be is not as yet, any too well established, but we 
are continuing to learn something about it all the time. The rate of 
absorption can be controlled by surface treatment during the manufac- 
turing process. 

Q.—-Does the use of form lining affect the stiffening time? Must you 
wait a certain time to prevent adherence? 

A.—-Stripping time varies with the job conditions, of course, and also 
with the particular type of board. With most linings that we have used, 
it is necessary to strip forms within 36 hours or the sticking is bad, but 
that is not true of all types of lining. 

Q.—-What is the experience on curved surfaces? 

A.-That, of course, introduces complications, but the board will 
bend very easily around a curve of reasonable radius. 

Q).--Might there be salvage value if the lining were dried out tor re- 
use? 

A.-No; it is gone after it is used once. It might be reclaimed and 
used for an insulating medium, but we have not found it worth while 

()..- Does sand blasting spoil the texture? 

A.-No, it does not. (Mr. Blanks referred to and showed illustration 
of the paper.) You can see that the texture has not been destroyed or 
altered to speak of. Of course sand blasting has to be carefully per 
formed; it should not be severe a light pressure, and the nozzle should 
be held at a rather flat angle. 

().. How about vibrators close to the lining during the placing of the 
conerete? 

A.—That has to be watched carefully; vibrators should not be used 
close to the lining or they will force the larger pieces of aggregate against 
the form and leave a sear, or if the vibrator itself touches the lining, it 
will also leave a blemish, Surfaces formed against absorptive lining are 
40 uniform in appearance with the absence of all the usual pock and 
form marks, that any blemish or stain or irregularity in the surface 
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shows up much more than on the ordinary concrete surface. When the 
weather is hot and dry, we have had to sprinkle the board a little with a 
very light spray, to prime it, so to speak, before we put the concrete 
against it, otherwise we have that ‘freezing’ skin effect. 

().--Is there more than one brand of absorptive liner on the market? 

A.-Yes. Celotex, and Firtex are the two we have used the most. A 
new type has been developed by the U.S. Rubber Co., a blotting paper 
faced with muslin. We have not used that on any of our work yet; it 
has been used on some other jobs, | understand, and we will use it on 
one that is now starting. 

().How did you take care of rustication or chamfer shown in one of 
the illustrations? 

A.-With just a wood furring strip. These grooves make a con- 
venient place to locate construction joints, where they may be hidden 
very effectively. 

().-How does the use of absorptive form lining affect the water- 
cement ratio, compared with ply wood and steel forms? Would you 
use more water in the mix? 

A.-Absorptive lining reduces the water-cement ratio at the surface. 
We would use the water-cement ratio specified for the job, which would 
he the same for lined forms or ordinary forms, 

(). What is the effeet of using very harsh mixtures? 

A. 1 think the harshness would have no particular effect other than 
making it necessary to be more careful with vibrators, It is not prac- 
tical to use concrete of too low a slump than about an ineh and a half, 
If it is drier than that, the “grabbing” effect of the absorptive lining on 
the surface conerete is more pronounced 

(). In sugar cane fiber, sometimes there is a little sugar left; have 
you had any surface trouble from that at all? 

A No, we have not had that trouble. Those things were all dis- 
cussed with the manufacturers at the time the materials were being 
developed in the factories, They understood the effeets of different 
materials on conerete and made a particular effort to keep out those 
chemicals that would have deleterious effect. 

(). Have you ever used absorptive lining in form vibration? 

A. We have not; as a matter of fact we rarely use form vibration 
except for supplemental tamping. We have used the clamped-on 
vibrators some in precast pipe manufacture 

()..- Is it your opinion that it could be used? 


A. Yes, L see no reason why it could not 
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Q.—-Would it be correct to say that this is still in the stage of develop- 
ment? 

A.—That is right; much is yet to be learned and much improvement 
to be made, particularly in developing the proper qualities that will 
make the board more effective, easier to use on the job, and perhaps so 
that it can be re-used. 
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Transit Mixers Used Effectively on the Contra Costa Canal* 
BY O. G. BODENT 


SYNOPSIS 


This, the second of three brief papers each describing some element 
of construction operations on the Contra Costa Canal, considers the 
effective use of transit mixers on a nine mile section of the concrete 
lining. Five 4.34-cu. yd. capacity mixers delivered concrete to a canal 
lining machine which placed, vibrated and formed it in position—de- 
scribed in the first of these contributions. 


Transit mixers were used effectively on a nine-mile section of the 
Contra Costa Canal where the limited width of right-of-way permitted 
only a narrow construction and operating road. Traffie problems were 
largely eliminated as other equipment was able to pass the transit 
mixers while they were discharging, except in the narrow places, where 
one way traffic was maintained. The transit mixers were always able 
to drive in and discharge their loads and then continue along the con- 
struction road to the nearest access road, instead of backing in as was 
often necessary with batch trucks and a crawler type mixer. 

Five mixers were used, each with a maximum rated capacity of 4.34 
cu. yd. of concrete when mixing in transit. The mixers were mounted on 
twin rear axle trucks with dual type wheels, and the mixer drums were 
powered by independent gasol’'ne engines. Each mixer was equipped 
with a 150-gal. water tank, a motor driven pump, a visible dial water 
meter with an automatic shut-off, and a revolution counter to indicate 
the revolutions of the mixer drum. 

The drum of each mixer was slightly inclined on its axis, with the 
high end to the rear of the truck, where it was charged through a feed 
chute. Mixing action was caused by large spiral blades in the drum 
and the discharge was effected by opening the door at the rear and 
reversing the rotation of the drum. The concrete could be observed 
through the discharge door to gage its consistency while mixing. A 


*Received by the Institute, Jan. 29, 1941; see also ‘Machine Methods for Trimming Subvradeand Placing 
Concrete Canal Lining.”” ACI Journa., Nov. 1941; Proceedings V. 38, P. 177 
tConstruction Engineer, Bureau of Reclamation 
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Fig. 1 and 2—Concrete delivered by transit mixers for lining Contra Costa canal. 


number of mortar analysis tests were made on the job to determine 
the mixing efficiency of these transit mixers, using canal lining concrete 
with %34-in. maximum aggregate and having 1%-in. average slump. 
The results of these tests indicated that the maximum variation was 
well within the allowable 10 per cent limit and that thorough mixing was 
obtained when simultaneous batching was used. 


Cement, sand and gravel were batched at a central batching plant 
and wer charged simultaneously into the transit mixer. Mixing water, 
which was charged prior to, during, and following the mixer charging 
operations, was pumped from the tank through the meter which was 
set to shut off automatically at somewhat less than the desired amount. 
The mixer drum revolved during the charging operations, and mixing 
continued for a predetermined number of revolutions, several fewer 
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than the total required, while enroute to the point of placement. On 
arrival at destination, the consistency of the concrete was observed 
and more water was added as necessary to produce the required slump, 
provided that the total amount of water used did not exceed 0.60 W/C 
by weight, and mixing was continued as necessary to thoroughly incor- 
porate the added water. 


To obtain proper control of aggregates, frequent tests for surface moist- 
ure and grading were made at the batching plant and the batch weights 
corrected accordingly. Notations showing the maximum water which 
could be added to each batch were made on a record sheet carried on 
each transit mixer, the driver-operator making a corresponding record 
of the quantity of water actually used. The time of beginning of mixing 
and the time of completed discharge were also noted on the mixer record 
sheet so that a complete record was obtained for each batch. The clock 
type indicating water meter was set for each batch so that it automatically 
shut off the water and clearly indicated the amount used. A master 
accumulative dial was read and noted on the mixer record at the begin- 
ning and end of each shift to indicate the total quantity of water used, 
to serve as a check against the quantities shown for the individual 
batches. The daily transit mixer records were filed in the field labora- 
tory and were valuable in showing the water required for the desired 
consistency and also the time required to batch, mix and deliver a mixer 
load of concrete. The time interval between the start of mixing and 
placement of the concrete was not in excess of 30 minutes for the longest 
haul of five miles, while for short hauls of about one-half mile this time 
interval was approximately 10 minutes. The average for the whole 
job was about 20 minutes. 


The concrete was delivered by the transit mixers to the canal lining 
machine which placed, vibrated, and formed it in position. This machine 
consisted of a steel plate shaped to the canal section and attached to a 
double stee truss which spanned the canal and was supported on a 
track on each side by two-wheeled trucks. A structural steel frame was 
erected above the deck of the machine to support two I-beams which 
acted as overhead tracks for the conerete buckets. From each over- 
head track a bottom dump bucket with a capacity of two-thirds of a 
cubie yard of concrete was supported by a trolley which rode on the 
lower flange of the I-beam. Concrete from the transit mixers was dis- 
charged through a metal chute into the buckets, which were pushed 
by hand along the rails and discharged through a wide slot in the deck 
of the lining machine. The overhead tracks were built so that the 
buckets would pass, and one could be filled while the other was being 
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discharged. The design of the transit mixers was such that the concrete 
was discharged at a high level, which aided materially. 


The transit mixers also effected economies in the construction of the 
structures by the elimination of stockpiling with attendant waste of 
aggregates and expensive hand batching. Much closer control of the 
concrete was also possible with the central batching plant than would 
have been possible if the aggregates had been stockpiled along the canal. 


Discussion of this paper should reach the ACI Secretary in triplicate 
by Apr. 1, 1942, for publication in the JOURNAL for June, 1942 

















A part of PROCEEDINGS OF THE AMERICAN CONCRETE INSTITUTE Vol. 38 


JOURNAL 


of the 
AMERICAN CONCRETE INSTITUTE 
Vol. 13 No. 3 7400 SECOND BOULEVARD, DETROIT, MICHIGAN Jonvary 1949 


Job Problems and Practice 


WHAT JPP MEANS 


an informal clearing house for mutual help on conerete problems; 
an opportunity for the ACI member who knows to tell the ACI 
member who needs the information. If the subject matter holds proba- 
bilities of general interest it will be briefed in these pages—with author- 
ship credit unless the contributor prefers not. 

If you know of an interesting problem whose solution has smoothed 
the way of someone in the field, record it briefly. If you have a problem, 
present it; a question, ask it. If you are moved to helpful comment or 
constructive criticism write the Secretary. 

The “answers” are those of individuals to whom the questions are 
referred and not of the ACI. 


Fabricating and Erecting Column Forms (38-81) 


BY CHARLES MACKLIN# 


Here are several methods of building column forms. All of them require 
accuracy and considerable work in the office, on the bench, and in 
erection, Possibly the most common method is to fabricate the columns 
squaring the bottom and letting the tops extend above the cut off point. 
This works, but it has several disadvantages, namely, the conerete on 
which the column rests is not necessarily level and the job of getting cut- 
off grades is hampered by obstructions or excessively long sights, not 
to mention the awkward position of the carpenter who must do the 
cutting. 


A procedure which eliminates the objectionable features has been 
used with suecess; accompanying figures will help to explain it in detail. 
The forms are fabricated from the beam bottom down and are stacked 
near the bench until a bottom cut-off is determined. For convenience 
a mark can be made on the column at the time of its fabrication. This 
mark can be any convenient distance above finish floor, preferably about 

(973) 
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6 in. above the rough concrete, In Fig. 1 and 2 this elevation is referred 


to as datum. 


Rarely are columns placed without some sort of templet.to locate 
and hold the columns. This templet can be made as shown in Fig. 1 
and has the added advantage of being level. If it is spiked to the con- 
crete before it gets too hard no other method need be resorted to in 
holding it. The secret in spiking wood to concrete is in not driving the 
head of the spike home so the head will compress the wood and pull the 
spike loose. 


When a number of these templets are in place the engineer can get 
the dimension “X” (Fig. 2) quickly. If the target is set so that the 
bottom of the rod is on datum, then when the rod is held on the template 
the target is X distance below HI. By holding or clamping a rule to 
the target this dimension may be read directly in inches. Noting the 
column number and this dimension on a piece of paper with a carbon 
and contact with a field book a record can be retained and the piece of 
paper can go to the bench. At the bench the carpenter makes the nec- 
essary cut-offs and marks the columns accordingly. 


Effect of Aluminum Powder on Durability of Concrete (38-79) 


Two questions—on the use of “Aluminum powder to increase bond of 
concrete to reinforcing steel’? 38-78 (answered by I. R. MeMillan) and 
the “Effect of aluminum powder on durability of concrete’? (38-79), 
answered by Roy W. Carlson, were published in the November 1941 
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JOURNAL, p. 183-184. Professor Carlson now supplements his reply 
with the following: 


Later tests using somewhat more aluminum powder have shown very 
large Improvements in the ability of conerete to resist freezing and thaw- 
ing, especially where thawing is with calcium chloride. The most strik- 
ing results are obtained by first intergrinding very fine aluminum with 
sand and adding enough to cause several per cent of voids, 


Research Man's Troubles* (38-82) 


We have underway some tests on freezing and thawing which will 
give us a comparison of the behavior of regular portland cement, moder- 
ate-heat and low-heat cements. These tests have been going on for 
more than a year, but it would be very unwise to make a report on them, 
We found some very decided changes in the behavior of some of the 
specimens over a period of a few weeks and, therefore, we are withhold- 


ing all information until most of the specimens have failed, 


It has been our practice to review test data on research problems in 
concrete and endeavor to interpret trends at six-month periods when 
the investigation extends over two or three years. This sometimes causes 
a lot of explaining when the data go into reverse and we are convinced 
that a researcher in conerete should wait until all of his test specimens 
are destroyed and then be certain that all materials are serapped and 
no more available, and then he ean draw his conelusions and interpret 


the data without danger of having to withdraw any of his statements, 


Some tests on drilled cores from struetures gave such erratic results 
that | am not willing to publish them. ‘There seems to be no rime nor 
reason about the pehavior of the concrete taken from structures, although 
at one time we thought we have something very splendid in the relation- 
ship between the results obtained by freezing and thawing tests and 
the ratio of fine aggregate to total aggregates Che trouble is we ex- 
tended the tests too far and included cores from some other structures 


ana thereby lipsebl a beautiful theory 


How to Prevent Eflorescence (38-83) 


following the L941 convention presentation of the paper by Messrs, 
Hlutceheroft and Anderson, “The Use of Carbon Dioxide to Reduce 
iefllorescence on Asbestos-Cement Shingles’’t. HL. bo Thomson, St, 


Louis, asked this question: ‘We hear a great deal about the possible 
*ihy a welleknown research man who prefers to be anonymour 


Clyde KR. Huteheroft and Harvey K. Anderson, ACT Journal, Apr, 1041; Proceedings V. 37, p. S07, 
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use of puzzolanic materials in the concrete mix as an agent to react 
with free lime and thereby prevent efflorescence. Can it be used to 
advantage?” Mr. Hutcheroft’s response: ‘‘We have tried puzzolanic 
materials. Shingles are applied when they are 30 to 60 days old, and 
puzzolanic materials do not react fast enough with calcium hydroxide 
to provide a solution to the problem. There is as much bloom with the 
addition of puzzolanic material as there is without it.” 


Some Details in Designing and Mixing Concrete (38-84) 
BY H. G. COLLINS* 


The subject of mix design recently has occupied considerable space 
in the JourNAL. The purpose of this contribution is to discuss a few 
details which have proven helpful to us and may interest others. Two 
of these points apply in particular to the trial batch method, while the 
third is a method of handling the aggregate. 

Let us review very briefly the steps of the trial batch method. Starting 
with a specified water cement ratio or cement factor, an estimate is made 
of the water requirement per cu. yd., basing it on whatever knowledge 
is available regarding the aggregates to be used. With the amount of 
cement and water fixed, the absolute volume of the cement paste is com- 
puted, and from this follows the absolute volume of aggregate. The 
proportions of fine and coarse aggregate are estimated from the grada- 
tion, and the absolute volumes are converted to weights from the specific 
gravities. This procedure was described by Stanton Walker in the 
JOURNAL for January, 1939f. 

Mixing a trial batch of the ingredients as indicated by those com- 
putations serves two main purposes, first to correct the balance between 
fine and coarse aggregate by adding one or the other as seems desirable 
from the texture of the concrete, and second to use just enough water 
to give the desired consistency, regardless of the amount estimated in 
advance. Thus, concrete is mixed to approximate what is desired, 
and the problem now becomes one of using the data to make a final 
design. 

From the volume of the trial batch, the number of such batches 
required to make one cubic yard is computed, and this multiplied by 
the weight of each ingredient in the trial batch gives the weight of each 
per cubic yard. If the consistency was just right, the water requirement. 
per cubie yard is known, otherwise a small correction can be made. As 
a rule of thumb, a 3 per cent change in water can be used for a 1-in. 
change in slump. The cement will require adjustment to obtain either 





*Lehigh Portland Cement Co., Alltentown, Pa. 
tJPP (35-21) Proceedings V. 35, p. 211. 
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a fixed cement factor or a definite water-cement ratio, but the water 
requirement will not be affected by such a change. 

The volume of the trial batch might be computed as the sum of the 
solid volumes of the ingredients, but the result is subject to error due to 
possible inaccuracies in the specific gravities and to the air content of 
the mix. <A better method is to fill and weigh a measure of concrete. 
The batch weight divided by the unit weight of the concrete gives the 
volume of the batch independently of specific gravities and the unknown 
amount of air in the mix. 

In the adjustment of the quantities computed from the trial batch 
to give the final design, we come to our first point. The obvious method 
is that which was used to design the trial batch, outlined in the second 
paragraph, using the corrected quantities of cement and water. We find 
it more dependable, however, to make the final design by adding to or 
subtracting from the quantities of the trial batch. The absolute volume 
of the necessary changes in cement and water is compensated by an 
equal absolute volume change in the aggregate. ‘To illustrate, assume 
that the design calls for 6 sacks or 564 lb. of cement, but the trial batch 
contained 543, requiring an addition of 21 Ib. Assume also that the 
water should be reduced from 324 to 320 lb. to make the mix slightly 
stiffer. The absolute volume of the change in cement is +.107 cu. ft., in 
water —.064, a net change of +.043. This is compensated by subtract- 
ing an equal volume from the aggregate, the weight of which would be 
.043 < 2.60 < 62.4 7 Ib. The changes are small, hence inaccuracy 
in specific gravities has a negligible effect, and the air content of the mix 
is not ignored, 

Obviously, it is important that the filling of the measure with con- 
crete be accurate, and that is the second point. Our method of accom- 
plishing this is to use a glass plate, as was described by J. C. Pearson in 
the JouRNAL for June 1939*. The measure is over-filled slightly, the 
concrete is trowelled smooth, and a glass plate is slid over the top with 
a sawing motion to cut off the small excess. 

As an indication of the dependability of the procedure described, 
Table 1 gives results obtained recently on 12 cements covering a wide 
range in characteristics. A single trial batch was made for each mix, 
and the results shown are the averages of three measurements. 

The third point concerns that bugbear, ‘‘a saturated, surface-dry 
condition of aggregate.’ Air-dry aggregate is more convenient to 
handle. Suitable corrections in the calculations can be made if the 
absorption from air-dry to saturated surface-dry is determined, and the 
air-dry aggregate will change little if stored in closed containers. How- 
ever, when consistency is involved, the aggregate should be saturated 


*JPP (35-21); Proceedings V. 35, 0, 584° 
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CEMENT CONTENT AND SLUMP OF 12 MIXES 


Cement, Slump, Cement, Slump, 
Designed for | sks. per yd., | Inches | sks. per yd., Inches 
4% 2% 6 214 
Yement No. Results Obtained on Final Batches 
I 4.50 3.25 5.97 2.3 
2 +. 50 5.2 6.00 2.6 
3 4.51 3.0 6.01 2.6 
4 4.50 2.5 6.00 2.4 
5 4.50 2.75 6.02 2.3 
6 4.50 2.2 6.00 2.9 
7 t.49 3.0 6.00 2.4 
s 6.00 3.0 
9 6.01 2.6 
10 5.99 2.5 
1] 6.00 3.0 
12 6.00 2.6 


Slumps expressed to tenths of an inch because each is the average of three. 


when used. It seems a simple solution to the problem to moisten the 
aggregate in advance of use with a known amount of water more than 
will be absorbed, but somewhat less than will be required for the batch, 
A special pan has proved very helpful in doing this. This pan is 6% in. 
deep, 16 in. x 12% in. on top, 10 in. x 11% in. on bottom, and has a 
loose-fitting, slip-over cover with a drop edge of Lin. The air-dry aggre- 
gate is weighed and then moistened in the pan, after which it is placed 
in the fog room for an overnight period, at least. There is no evapora 
tion, so the loose cover is good enough, and the drop edge prevents any 


drip from entering. 


The sloping ends are a convenience in emptying the aggregate into 
the mixer or mixing pan, and in rinsing. A battery filler Gu syringe 
having a rubber bulb and hard rubber stem) is used to wash out the grain 
of sand that stick to the pan. With judicious use of water, 200 cc. will 
be enough, and this, also, is from a known amount, The pun should be 
dampened before use. In this way, very few grains of sand or drops 
of water are lost. 

The flare of the sides and ends allows them to be nested togethe: 


when not in use. Our only difficulty with them is that they are too handy 
for other uses. 


‘‘Pops"’ in Slag Concrete (38-85) 


Q There are records of “pops” appearing on exposed surfaces of 
concrete in which slag had been used as the large aggregate. Will you 
explain the cause of the phenomenon? 
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BY FRED HUBBARD* 


A—In discussing this question of “pops”? which, on very rare oceas- 
ions, have been known to appear in the surface of slag concrete, | am 
confident that I am going to be a great disappointment to you when 
I say that we don’t know a great deal about the more subtle phases of 
the incidents mentioned, which is largely accounted for by the fact that 
we have had such limited experience with their occurrence. 

In the thousands of structures and the hundreds of miles of highways 
built with slag concrete we have recorded less than 20 cases where popping 
occurred, some of these being the appearance of only a single spall in a 
project containing several thousands of yards of concrete. We have 
studied each case very closely and a survey of the slag industry has been 
accomplished to determine if the trouble-makers could conceivably be 
developed in sufficient quantity to become potentially dangerous from a 
structural standpoint, or whether their appearance was merely irritating 
as an easily corrected disfigurement of the surface of the concrete in- 
volved. The matter was finally placed in the latter category. 

Whoever posed this question also desires, | assume, to know how the 
material that pops in slag concrete can be developed, how often it will 
make its appearance, number of cases that have been brought to my 
attention, and, in general, a description of the seriousness of the whole 
affair. 


In answering these details it will have to be assumed that most of you 
are somewhat familiar with the process of smelting iron ore in a blast fur- 
nace. In brief, a large steel stack which is lined with refractory materials 
is the chief piece of apparatus. In the stack are assembled, in precisely 
determined amounts and time intervals, iron ore, fuel and a fluxing 
agent. The ignited fuel, sided by a heavy air blast, builds up very high 
temperatures (ranging from 2500 to 3000 F.) within the stack and a 
continuous chemical process ensues as successive portions of the “burden” 
are renewed. 


When the metallic tron is freed from the original ore, the remaining 
compounds, silica and alumina, combine with the lime and magnesia of 
the fluxing agent and the solids remaining from the combustion of the 
fuel and form slag. 


In spite of the intense heat of the furnace it is possible, under very 
rare freak operating conditions, for fragments of the flux to pass down 
from the unburned material above and be drawn off with the molten 
slag at the time the furnace is being tapped. These fragments are usually 
abnormally high in silica and magnesia, Almost invariably they are 


*Director of Research, National Slag Assn., at ACI ‘'Quiz’ Seasion, 37th Annual Convention, Wash- 
ington, D. C., February, 1041, 
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rendered functionless when they have reached atmospheric temperature 
as they will take up enough moisture to break down into a harmless 
powder during the cooling process. 


When, however, some few of these pieces have clung tenaciously to 
their trouble-making properties, their presence is announced by the 
appearance on the exposed surfaces of the finished concrete of a single 
example or a collection of cone-shaped “pops” or “pop-outs’’. These 
cones vary in depth, generally from a half inch to an inch and a half. 
A very few have been found that reached the extreme depth of two and 
a half inches. They arrive with no regularity of pattern, number or 
size in any noted ‘case’. The material that has caused the trouble 
is Clearly discernible after the action has occurred and, in turn, their size 
varies from that of a match head to as large as a walnut. 


‘Now, to answer as to the extent of the disturbance caused, and the 
frequency of their occurrence, we will have to step into the realm of pure 
conjecture because, as far as I know, there is in existence no formula 
that would enable anyone to compute the number of square feet of 
exposed surface of the approximately forty million cubic yards of slag 
concrete that has been placed in the last 20 years. 


But if we were to ignore the total square footage of all of the exposed 
slag concrete in all of the highway and railroad bridges, the docks, the 
mills, the factories, and the warehouses, and approach the subject from 
the slag concrete highway angle only, I may be able to satisfy you. 


The estimated 500 miles of 20-foot wide slag concrete highways that 
have been built since our attention was called to the first case of “pop- 
ping’, some 20 years ago, would have exposed 52,800,000 sq. ft. of 
surface. In the “‘pop census” we have accumulated in that time there 
have been less than a total of 1,000 “pop-outs’’, and the average of the 
area of the bases of the cones produced was something under one-quarter 


of a square foot—let’s say their total was 250 sq. ft. 


One can now establish a ratio that would be conservatively expressed 
in the following equation: 


250 sq. ft. : 52,800,000 sq. ft. = 1 : 211, 200 


250 divided by 20 equals 124% sq. ft. annually, or an area approximately 
the size of the top of an ordinary office desk. 
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Saving Steel in Reinforced Concrete Design* 


BY R. L. BERTINT 


Member American Concrete Institute 


SYNOPSIS 


The author proposes the prompt modification of the Institute’s 
Building Regulations for Reinforced Concrete (ACI 318-41) in further- 
ance and support of a proposed National Emergency Code for the con- 
servation of steel and other strategic materials, chiefly for defense con- 
struction where time is urgent and steel short; that working stresses be 
liberalized, live loads reduced, plain concrete encouraged and the most 
modern methods of design applied. 


The nature of most structures to be erected during the period of 
emergency with which we are faced will of necessity be of a temporary 
nature to fulfill some very specific function linked with the emergency, 
They will be needed as fast as they can be built with little time avail- 
able for considering their fitness in the scheme of things when normalcy 
returns. 


Their permanence, convertibility, etc., must be subordinated to the 
all important considerations of speed of erection and minimum con- 
sumption of critical materials. These things must govern in their 
planning and construction and normal methods of procedure and con- 
cept of design must be revised to satisfy the new demand. 


Under ordinary conditions, the selection of the type of structural 
material used is generally guided by (1) The kind of service the strue- 
ture is to render; (2) The initial relative costs of equally satisfactory 
materials, and (3) The personal preference of the designer. 


Under existing conditions, the designer, in selecting a structural 
material must be guided by its availability and utilize the critical mate- 
rials for want of a substitute and in the most efficient manner—the 
relative cost being secondary. 


*Received by the Institute, Jan. 2, 1942. 


tChief Engineer, White Construction Co., New York, N. Y. 
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Steel conservation dictates that aside from structures for which 
timber is adequate, most of them be built of reinforced concrete rather 
than structural steel, wherever possible. 


Most existing codes regulating structural design were not written with 
the idea of meeting the present emergency and the various code writing 
agencies should revise their regulations, giving recognition to the most 
recent concept of design with a view of making available steel go as 
far as possible. 


As members of the Engineers Defense Board’s sub-committee on 
steel conservation, J. P. H. Perryt and the writer were called upon to 
submit their recommendations for drafting an emergency building 
manual intended to supersede the existing codes for the period of the 
emergency. 


AN EMERGENCY CODE 


The report, the text of which follows, was submitted to and approved 
by the Board and incorporated in the recommendations which it pre- 
pared at the request of the O. P. M. on the subject of Steel Conserva- 
tion and Reclamation. 


Basically, the members of this Sub-Committee fully agree that an all inclusive build- 
ing manual liberalized to the extent of permitting types of construction and materials, 
working stresses and live loads which would reduce to a safe minimum the amount of 
steel used in buildings, could effect a very material reduction in the quantity of steel 


used. 


This belief is based on the facts that the existing building codes controlling the great 
majority of construction work throughout the country have not kept pace with the 
development of the art and that an ultra conservative tendency has guided the draft- 
ing of those which have been modernized. 


In ordinary times this policy is justified, but in the case of a national emergency the 
principles of economics, the resulting instinct guiding the men responsible for the 
planning of commodities, do not apply, for thrift is no longer measured in terms of 
dollars, but in terms of materials. 


In order to utilize materials to their utmost, it is necessary that the ones responsible 
for their use in kind and quantity be given a free hand. The multiplicity of codes 
scattered over this land more or less restrictive in nature, seriously handicaps designers 
in utilizing available materials to their utmost capacity. To overcome this conditions, 
either the code making bodies must revise their codes or the existing codes must be 
stayed and superseded by an emergency manual prepared by a central agency. 


The former is a hopeless undertaking, therefore the latter appears to be the only 
logical solution. 


Mechanics of producing a national emergency code 


It is evident that such a manual should be completed within the shortest possible 
time. The committee responsible for it should be composed of representatives of 
national organizations such as the American Standards Association, governmental 


+Turner Construction Co., New York, N. Y. 
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departments, particularly the Army and Navy, steel, concrete, and lumber institutes, 
representatives of engineering societies and the fire underwriters. 

In general, this manual should be made applicable to all structures needed for the 
national emergency, bearing in mind that many will be of a temporary nature. 


Benefits of such code 


In order to accomplish the purpose of this code, namely to conserve critical materials, 
it should: 

(1) Liberalize working stresses. 

(2) Reduce live loads for which structures are proportioned to actual safe maximum 
conditions. 

(3) Encourage the use of plain masonry wherever possible, as in footings, retaining 
walls and the like. 

(4) Liberalize the use of wood for the construction of roofs and roof structures. 

(5) Discourage, and in some cases, prohibit the use of steel for the construction of 
items where less critical materials, such as wood, plastics, concrete, and gypsum 
can be used instead, for instance: 

(a) Steel pipe piles and sheet piling 

(b) Steel floors 

(c) Window sash and doors 

(d) Partitions 

(e) Steel guards at platform edges and column corners, railings and fencing 
(f) Sheet metal flashings 

(g) Marquise 

(h) Flag Poles 

(i) Metal furniture 

particularly when the construction is of a non-permanent nature. 

(6) Liberalize the plumbing, electrical and fire protection regulations. 

(7) Revise zoning restrictions, if necessary, in order that they operate within the in- 
tent of this proposed emergency period manual. 

(8) Encourage the development of concrete road construction using reduced steel 
reinforcement. 

How to make code effective 


In order to make such a manual effective, it should be distributed by the O. P. M. to 
(a) The City officials of every city in the United States having a population of 
10,000 or more. 
(b) All State and Federal agencies concerned with construction. 
(c) All licensed architects and engineers. 
(d) All members of engineering societies. 
(e) Such other groups as are directly or otherwise connected with construction, 
such as engineering schools and colleges, money lending institutions, ete. 


~~ 


General remarks 


In the draft of this manual, the most recently adopted codes should be secured and 
reviewed with a view of adopting the desirable features found therein. 

Such provisions as those stipulated for the construction of the temporary buildings 
at the New York World’s Fair should be given serious consideration. 

Its effect on steel conservation would be expedited by promulgating the sections 
progressively starting with the most important ones such as “Loads and Stresses’ 
and structural design. 
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During the life of this manual, i.e. during the period of National emergency, a stand- 
ing committee should be active in keeping the document up to date and in re-writing 
sections which may appear incongruous or subject to later improvement. 


SUGGESTED REVISIONS OF ACI CODE 


The items of the report falling within the scope of the ACI are listed 
below and are the subject matters discussed in this address: 

(1) Liberalizing working stresses. 

(2) Reduction of live loads. 

(3) Encouraging the use of plain concrete. 

(4) Application of most modern methods of design. 

The most effective way of reducing the amount of steel reinforcement 
used in flexural reinforced concrete members is to make available bars 
of high yield point and stress them at a higher rate than is now the 
custom. 

Tests conducted by Lyse, Mylrea®, Johnston, Krefeld, and 
others, have demonstrated that in reinforced concrete beams, reinforced 
with high yield point steel the full resistance of the bars can be devel- 
oped fully. 

The inclusion in the ACI Code of the regulation permitting a unit 
tensile stress of 50 per cent of the yield point, but not in excess of 30,000 
psi on 34 ¢ bars used in one way slabs, the span of which does not exceed 
12 ft. was based on the results of some of these tests), 

The more recent New York City code revision, permitting a unit 
stress on high yield point bars not to exceed 40 per cent of the yield 
point or 24,000 psi, followed the satisfactory results of beam tests which 
served to reaffirm the generally accepted fact that within limits the 
ultimate strength of a reinforced concrete beam is proportional to the 
yield point of the steel used to reinforce it. 

Kuropean countries, in order to conserve steel, have for some years 
past resorted to the use of high yield point bars stressed at much higher 
rates than is permitted in this country. 

In view of the fact that the present National emergency has brought 
about a shortage of steel, it is highly desirable that the production of 
high yield point steel bars be encouraged and that the use of correspond- 
ingly higher unit stresses be sanctioned by authoritative organizations. 
It is therefore urgently suggested that the Institute take steps to en- 
dorse such action by modifying accordingly the present section of its 
code dealing with steel stress. 

The utmost saving of steel in the construction of reinforced concrete 


columns demands that they be proportioned, with no more reinforcing 
steel than required to insure their lateral stability and resistance to 
flexure when tension is involved. 
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While for heavy loads such columns will be larger, column sizes can 
be kept down through the use of high strength concrete and the struc- 
tures planned to accommodate the larger columns if necessary. The 
use of spirals as well as high percentages of vertical steel should be 
discouraged. 

In this connection, it seems desirable that the Institute reconsider 
the column section of its Code with a view of increasing the permissible 
unit stress on rodded columns and reducing the required minimum 
amount of vertical steel below the present 1 per cent limitation. It is 
suggested that the requirements of the New York City Code relating 
to tied columns be given full consideration, It is worthy of note that 
a great many columns which have been designed and constructed in 
conformity with these regulations have given and are giving satisfactory 
service. 

Reduction of live loads 

The widely varying live load requirements for buildings found in 
the building codes throughout the country, indicate the necessity for a 
standardization. While this phase of structural design does not come 
within the scope of the Institute, nevertheless it should receive its 
attention since it affects the factor of safety. Bearing in mind the 
temporary nature of most structures, the live loads for which they are 
proportioned should not be any more than their specific requirements 
indicate. 

Encouraging the use of plain concrete 

Certain parts of structures now built of reinforced concrete because 
of the economies resulting therefrom, such as piles, footings, retaining 
walls and the like, should wherever possible be designed of plain masonry. 

Probably because of the fact that the use of plain concrete structures 
has been supplanted almost entirely by that of reinforced concrete, the 
development of design method for its application has received scant 
attention in the field of research. The ACI code although defined 
(Sec. 101) as applying to plain and reinforced concrete contains no 
provision for the design of unreinforced concrete structural members. 

An appreciable amount of steel can be saved by encouragiing the use 
of plain concrete footings, gravity retaining walls, concrete cast in place, 
piles in which neither permanent steel shells nor reinforcement is used, 
concrete roads designed to reduce the reinforcement to a minimum, and 
the like. Accordingly, it is suggested that the Institute promulgate rules 
for the application of such structures. 

In summing up, the conservation of steel in reinforced concrete design 
resolves itself into a few simple rules: (1) Let the concrete do all the 
work it is capable of doing; (2) Such reinforcement as is used should be 
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high yield point steel, and (3) Liberalize the working stresses to an ex- 
tent consistent with a safe but not excessive factor of safety. 

The indications point to the creation of an agency within a very short 
time for the purpose of drafting a building manual for use by Govern- 
mental bureaus, State and City departments, etc., in liberalizing their 
codes with a view of reducing the quantity of steel used in structures 
coming under their respective jurisdictions. 


The American Concrete Institute can render a most important service 
in leading the way toward a safe and effective reduction of steel con- 
sumption in the application of reinforced concrete to structures. It is 
urged that its various committees be called upon to reconsider the 
regulations for which they are responsible from the standpoint of the 
present emergency and modify them to the fullest extent consistent with 
safety in order to conserve steel. Such modified regulations endorsed 
by the Institute would be of invaluable assistance to such agencies as 
will be called upon to liberalize existing regulations. 


In planning reinforced concrete structures, the designer should have 
in mind the relation which the quantity of steel used bears to the spacing 
of supports, the load for which it is proportioned, the depth of the 
flexural members, the unit stresses to which the materials are subjected 
and the shape of the structure. In general, this relation is expressed by 
the basic qualitative equation 

Q W.L. 
RDS, 

in which W Load 

L Span 

R Structural Shape factors 

D Depth of member 

S Allowable working stress 

Q Quantity of steel 


In addition, the flexural members should be proportioned so as to 
keep the shear stresses below the point where large quantities of stirrups 
or bent bars are required, and the bond stress within the upper limit 
set for ordinary anchorage, thus saving the steel required for hooks and 
extra lengths of anchorage. 


Little can be said regarding the relative steel consuming character- 
istics of the various types of floor and roof construction, such as beam 
and girder, two way slab, flat slab, arch roof, shell roofs, ete. The 
experience and judgment of the designer, backed by comparative designs 
is to be relied upon in reducing the amount of steel used in a given 
structure, 
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In closing, let it be said that in the final analysis making all those 
involved in the design and construction of structures Steel Conservation 
conscious is the prime requisite and it is hoped that this paper will be 
effective to that end. 
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Discussion of this paper should reach the AC | Secretary in triplicate 
by June 1, 1942, for publication in the JOURNAL Supplement, 
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By FRANK E, RICHART | 
(presiding officer) 


\Ir. Bertin seems to think that ACT should take some action on the 
recommendations in his paper. | believe it proper for me to say that, 
so far as our Building Code is concerned, we have no power to act here 
in revision of a Standard of our Institute, unless the Board of Direction 
should change the whole machinery of our procedure. 


By CHARLES S. WHITNEY} 


The writer endorses Mr. Bertin’s suggestion that a manual to super- 
cede existing codes be prepared for the design of emergency structures, 
Increased efficiency in the use of materials and labor is necessary at this 
time and ait will be equally important during the period of reconstruction 
after the war. Many current practices which are needlessly wasteful 
should be corrected as quickly Hi possible 

The problem involves not only the correction of code provisions 
which are too conservative, but what may be more difficult, the teach- 


ing of modern methods of design to men who have had years of practice 


with the older methods. The issuance of a liberal emergency code, 
properly emphasizing progressive methods would be extremely helpful 
in overcoming the inertia of old practices, It should permit the use of 
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cussion of Mir. Bertin paper June land public ition in the Supplement next November 
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new methods of design or construction which research has shown to be 
rational. Competent designers would then be freed from the restriction 
of code provisions which have not recognized recent technical develop- 
ments. 

The design of even temporary emergency structures must be safe and 
in accordance with sound engineering principles. If there is any possi- 
bility that the use of a structure may be extended beyond the period 
of the emergency its parts should be designed for an economic life con- 
sistent with the type of material used so that the investment will not 
be lost because of structural weaknesses. 

Where reinforced concrete structures can be satisfactorily used in- 
stead of structural steel a saving in steel will be effected. The desire 
to make a further saving in the reinforcing of concrete should not be 
permitted to result in uneconomical structures as long as sufficient steel 
is available. In a controlled market, however, it may be difficult to 
decide how much increase in total cost will be justified by a given saving 
in steel. If the true value of the steel could be estimated this would be 
a simple calculation. In using plain concrete instead of reinforced con- 
crete, care should be taken to avoid waste of labor and materials not 
warranted by the saving in steel. 

In line with the four general methods for saving steel, which Mr. Bertin 
has suggested, the writer makes the following specific recommendations: 

(1) Revision of allowable steel stresses; 

(2) Recognition of actual strength of concrete and reinforcing steel 

in compression : 

(3) Adoption of rational method of design for members under bend- 

ing and direct load. 


(1) Steel stress 


As stated by Mr. Bertin, it has been proven that up to the limit of 
balanced reinforcement, the flexural strength of a beam is proportional 
to the yield point strength of the steel bars. According to the Joint 
Committee Report the allowable stress, the yield point stress and the 
consequent factor of safety for the three ordinary grades of steel are 
as in Table A: 


TABLE A 
Minimum Allowable 
Grade of Yield Point Tensile Stress Factor of 
Steel psi psi Safety 
Structural 33000 LSO000 1.83 
Intermediate 10000 20000 2.00 


Hard 50000 20000 2.50 
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It is evidently inconsistent to use a different factor of safety for each 
grade of steel. Intermediate grade bars now obtainable actually have a 
minimum yield strength of 45,000 psi and it appears that the specifica- 
tion could be changed to that figure without any difficulty. A similar 
change could probably be made in the yield strength of structural grade 
bars, but that may not be important because they are not often used. 
For emergency construction a factor of safety of two for the tensile steel 
should be sufficient and for many structures a maximum design stress of 
25,000 psi would not cause excessive cracking in service. Following this 
rule the specification would be as in Table B: 


TABLE B 
Minimum Allowable 
Grade of Yield Point Tensile Stress Factor of 
Steel psi psi Safety 
Structural 36000 18000 2 
Intermediate 45000 22000 2 
Hard 50000 25000 2 


(2) Compression strength of concrete and steel 
It has further been demonstrated* that the ultimate resisting 
moment of a beam with balanced reinforcement as limited by the con- 
crete strength is equal to 
v= bd*f'. 
3 


With a factor of safety of 24% the allowable load could be calculated 
from the equation 
M tr. 


bd? " 1.0 


According to the standard straight-line formula, the allowable value (*) 


M 


of bal? varies with the steel stress although tests show that the ultimate 
a- 


strength of a beam in case of compression failure is independent of the 
tensile steel stress. For five different steel stresses and a 3000 lb. conerete 


Table C gives the allowable bf? and the corresponding factor of safety. 
»a~ . 


There seems to be no justification for this increase in factor of safety 
as the steel stress is increased, and it will offset to some extent the ad- 
vantage of using higher steel stresses. A factor of safety of 214 against 


*'Plastic Theory of Reinforced Concrete Design” by Charles S. Whitney, Proceedings, Am. Soc. C. E., 
Dec. 1940, 


{ 
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TABLE C 
Steel Allowable Factor of safety 
Stress s against concrete 
psi bd? compression failure 
16000 262 3.82 
18000 248 4.03 
20000 256 4.23 
22000 224 £.46 
24000 214 4.67 


concrete failure should be sufficient if it is assumed that it makes no 
allowance for variation in concrete quality. Separate consideration 
should be given to the value of f’. to assure that it represents a safe 
minimum value. The factor of safety used in design should not be 
complicated by the concrete quality factor which may vary so greatly 
from job to job. It is absurd to penalize all jobs with a high factor of 
safety regardless of how well the concrete may be controlled. The 
proper method would be to make an estimate of what value of f’. can 
safely be used in each case depending on job conditions. 


on ; M : , 
rhe general use of a working value of — as high as will not be 


bd? 


i 
7.5 
economical because of the large amount of steel required but it will 
often be desirable because it will save concrete and compression steel 
at points of high bending. It permits the designer a greater leeway in 
making an economical design. 


When more steel is used than provided for balanced reinforcement by 
present standard codes, the plastic theory formulas presented by the 
writer* should be used because the standard straight-line formula gives 
too high a value of the steel lever arm and would result in a reduction 
of the factor of safety against steel failure. Below this range the writer’s 
formula gives a somewhat greater steel lever arm than the standard 
formula and saves some steel. Both of these variations from the stand- 
ard formula are fully supported by tests. 


Important reduction in the amount of compression steel required in 
beams, and frames can be made by proper recognition of the true strength 
of the concrete in bending. Further saving can be made by recognition of 
the fact that if buckling and bond failure are avoided, compression steel 
in beams will develop its full yield strength before failure. The working 
stress could therefore be the same as that for tension steel. The present 
Joint Committee provision that the effectiveness of compression steel 
in beams ‘‘may be taken at twice the value indicated from the calcula- 


*See previous reference. 
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tions, assuming a straight-line relation between stress and strain’ is a 
poor attempt to compromise with the facts. Even so, no corresponding 
allowance is made for columns under highly eccentric loads in which 
case the compression stress is limited by the straight-line formula to n 
times the concrete stress adjacent to the steel. 
(3) Design of eccentrically loaded columns 

A great saving can be made by proper revision of the method of 
designing eccentrically loaded columns which is at present very inade- 
quate. The method given in the Joint Committee Report provides an 
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Fig. A—Comparison of allowable load with ultimate strength of 
eccentrically loaded columns 


inconsistent factor of safety and is so indirect that it discourages de- 
signers from making complete calculations. The increasing application 
of frame analysis to concrete structures, makes this important. 
Committee 312 has made an exhaustive study of members under 
combined bending and direct load and has proposed a simplified and 
rational method of design based on tests*. (See Fig. A.) The chart 


*Plain and Reinforced Concrete Arches” Report of Committee 312, Charles S. Whitney, Chairman; 
ACI Journat, Sept. 1940. 
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included herewith gives for a particular member a comparison between 
the actual strength and the allowable load according to the Joint Com- 
mittee. The chart is plotted with the direct compression as the ordinate 
and the bending moment as the abscissa. The radial lines are lines of 
equal eccentricity. It is possible in this way to plot in one quadrant 
the performance of a member under the full range of eccentricity from 
zero to infinity (axial load to pure flexure). 


The heavy solid line represents forty per cent of the ultimate strength 
for each eccentricity and provides a factor of safety of 24. The dash 
line shows the Joint Committee allowable load. The factor of safety 
provided by the latter varies from 3.85 for axial load to 4.44 when 
e = t and then down to 2.5 when the eccentricity is very great. This 
value of 2.5 is due to the use of hard grade steel. With intermediate 


grade it would be 2. 


Because a so-called axially loaded column will be subjected to acci- 
dental eccentricities a liberal factor of safety is proper, but it is evident 
that for calculated eccentricities the column has much more safe strength 
than can be utilized under the Joint Committee Report. 


The writer suggests that the formulas proposed by Committee 312 
be used for the design of eccentrically loaded columns. An application 
of these formulas to round columns has also been made. The safe load 
for axially loaded columns revised as suggested by Mr. Bertin should 


be used as a maximum for small eccentricity. 


The application of the recommendations of Committee 312 will permit 
the economical use of long span concrete arch construction instead of 
structural steel for such buildings as hangars with the added advantage 
of increased fire resistance. Adequate consideration has not yet been 
given to the possibilities in that direction. 


In preparing an emergency code, it should be recognized that the 
present emergency will probably last several years. liven if the war 
does not last long, a period of reconstruction must follow in’ which 
efficiency in the use of materials will be necessary. Although the simplest 
method of saving steel is to increase working stresses, the benefits will 
be limited by the inaccuracy of the straight-line theory. [Even if it 
‘annot be used immediately by all designers because of their unfamiliarity 
with it, the plastic theory should be made available for use so that 
design practice may be put on a more progressive basis. 
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By DEAN PEABODY, JR* 


This short paper is both timely and disturbing. It is timely since 
the course of events forces attempts to save steel, and will lead to an 
increase of reinforced concrete construction, It is disturbing, because 
one realizes that the emergency dictates immediate action without time 
for a careful survey of the effeets of changes in code requirements. 
These changes, made necessarily in haste, will probably continue in 
force after the emergency is over, much as the increased shear stresses 
for reinforced concrete ship construction in the last war were continued 
under “special anchorage” after the war ended. 

It will be a distinct advantage if the emergency results in the adoption 
of a single code for reinforced concrete design throughout the country, 
instead of the multitude of city codes differing often only in details. 


If economy is secondary and the saving of steel is of first importance 
in design, immediate savings can be made without code changes by the 
use of plain concrete footings, gravity retaining walls, ete. 

The tied column of high strength concrete reinforced with a low 
per cent of longitudinal steel has often been more economical in the 
past than the smaller column with a greater per cent of steel, even if 
allowance be made for the extra floor area occupied. This is especially 
true for axial loads. The strength of the conerete is of less economic 
importance for columns subjected to bending. The tied column can be 
kept within normal size limits for structures six to eight stories high. 
Higher buildings, or heavier floor loads than usual, will run up the 
column size to four or five feet thick, if spiral steel or structural steel 
columns are ruled out. 


Increase in size of members means increase of dead weight and load 
on the supporting member. ‘These increases are not important as far as 
footings and columns are concerned, but a general increase in size of 
floor systems would be a serious matter. Saving of steel by refinements 
in design and change of code requirements will be of the greatest value 
in slab and beam designing, 


The assumption of straight line concrete stress variation in general 
use for beam design has given economical designs for concrete strengths 
of 2500 psi, or thereabouts, with comparatively low percents of steel. 
An increase in the allowable steel stress, using the same concrete strengths, 
will result in a larger beam and greater dead weight, but with less total 
steel. However, the use of high strength concrete and high yield point 
steel will give a smaller beam section and a reduction in total steel, 
while the shear stresses can also be kept within ordinary anchorage 


*Aasociate Professor of Structural Design, Mass. Institute of Technology, Cambridge, Mass 
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requirements. The tests quoted seem to justify use of concretes of 
4000 psi strength. The straight line theory employs the modular ratio, 





n= where FE, = 1000 f’... It is recognized that the modulus of 


¢ 
elasticity of concrete E, is greater than this for elastic deformations 
due to load changes, but this low modulus is justified if allowance is 
to be made for the effects of shrinkage and plastic flow. It would seem 
wise not to change the modular ratio radically. 


There has been increased interest in the method of beam design for 
ultimate loads presented by Charles 8. Whitney.* Compared with the 
straight line theory, the economical section for the same stress require- 
ments is smaller but the area of steel is greater, amounting to 2 or 3 per 
cent. This, of course, is opposed to the emergency requirement of 
reduction in steel. If the steel area be limited to that given by the 
straight line theory, the beam section is larger and the dead weight is 
increased. 

A code change allowing a unit steel stress of 40 per cent of the yield 
point for high yield point bars will give a definite saving of steel and a 
reduction of dead weight for beams made of high strength concrete. 
An upper limit for concrete strength ought to be set in order not to 
extrapolate too far beyond the available test data. 


By HERMAN SCHORER{ 


The author has excellently stated the steel design factors by means of 
his basic qualitative equation (p. 286). The working stresses and loads 
are evidently the most important items affecting the quantity of steel. 
A consistent consideration of these two factors must necessarily lead to 
the possibilities of prestressed concrete construction. Although such 
methods are still in the development stage, the following remarks may 
be of some interest. 

Liberalizing working stresses 

As pointed out, higher steel working stresses in flexural members would 
most effectively reduce the amount of steel reinforcement. To a lesser 
extent the amount of steel is also influenced by the concrete stresses in 
shear, bond and compression. Nevertheless, the practical limitation of 
all working stresses is indirectly determined by the low tensile strength 
of all concrete. It is well known that the assumed monolithic action 


Charles 8. Whitney: ‘‘Design of Reinforced Concrete Members, under Flexure or Combined Flexure 
and Direct Compression’’, ACI Journau, March-April 1937, Proc. V. 33, p. 483; Kenneth C. Cox: ‘Tests 
of Reinforced Concrete Beams with Recommendations for Attaining Balanced Design’’, ACI Journnat, 
Sept. 1941, Proc. V. 38, p. 65. 

tBorsari Tank Corporation of America, New York, N. Y. 
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between steel and concrete will be endangered, if excessive cracks are 
permitted in the principal tension zones. 

Under emergency conditions the permissible width of the cracks may 
be liberalized, depending on the purpose, load conditions and expected 
life of the structure. For this reason the production of high yield point 
steel bars appears justified, although the amount of steel thus saved is 
difficult to estimate. 

The wire industry already produces commercial spring wire, music 
wire, piano wire, etc., with a yield point range from about 120,000 to 
almost 300,000 psi, depending on the size and quality of the wire. Ordi- 
nary reinforced concrete design and construction are not adapted to 
utilize a 50 per cent yield point stress of this steel, since the structure 
may crack wide open and even fail under its own weight, long before the 
wire stress has reached safe limits. 

Reduction of live loads 


The Abrams water-cement ratio law has brought about a considerable 
improvement in the compressive strength of concrete. Nevertheless, 
most structures must still be designed to carry largely their own weight, 
instead of useful live loads, similar to the load proportions of standard 
railroad equipment. 

A less conservative live load estimate will certainly reduce the amount 
of steel, but a substantial dead load reduction would be much more 
effective, provided this can be obtained with available materials and 
within safe limits. Furthermore, any favorable shift in the live load- 
dead load proportion would widen the application of concrete for long 





span construction, thereby releasing structural steel for more urgent 
needs. 

A radical improvement in the prevailing load proportions can hardly 
be expected, as long as the width of the cracks, rather than the yield 
point of the steel and the compressive strength of the concrete control 
ultimate design limits. 


Prestressed concrete 





Prestressed concrete construction attempts to eliminate principal con- | 
crete tensile stresses under all normal load conditions. The designer is 
then in a position to take advantage of the better compressive strength of 
modern concrete and the excellent tensile properties of cold drawn steel 
wire. 

Such tests were made by Lund and Koenen.* More recently, Freys- 
sinett has made considerable progress. Finsterwalder and Dischingert 

‘Der Eisenbetonbau"’, by E. Mérsch, Vol. 1, first half, p. 371. 


* 
t‘Spannbeton nach den Freyssinet Verfahren", by K. W. Mautner, Beton und Eisen, 1936, p. 320. 
t''Neues Bauen in Eisenbeton”’, Deutscher Beton-Verein, Berlin, 1938, pp. 18 and 24, 
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and others have proposed special methods, which are not of the truly 
monolithic type of construction. 

Hoyer* has shown that highly stressed, relatively thin wires are self- 
anchoring, when embedded in concrete under initial tension. Hoyer’s 
tests were made with hot drawn, lead patented steel wire (about .04 to 
.12-in. diameter), with a reported tensile strength of 340,000 to 383,000 
psi and a 90 per cent yield point. Precast beams and slabs of the Hoyer 
type are now extensively fabricated in Germany to replace lumber 
with so-called “‘steel-poor” reinforced concrete, in accordance with 
tentative code revisions. 

The monolithic prestress methods as used in Europe are practically 
limited to precast members. They would require a prohibitive amount 
of equipment and labor, if applied for more general construction 
purposes. 

The main difficulty is found in the temporary accommodation of the 
large steel tension force reactions. There can be no advantage in re- 
ducing the quantity of reinforcing steel if, at the same time, a multiple 
amount of structural steel is required for the construction of unyielding 
anchorages or extremely heavy steel forms. 


Fig. B—Ten ton capacity 
pre-stress unit 25 ft. long 
bent under stress 





A more general approach to this problem was found in the conception 
of self-contained reinforcing units (Fig. B) which are preloaded and 
placed into ordinary wooden forms, similar to reinforcing bars. The 
numerous wires and their initial tensioning forces can thus be handled 
in convenient bundles, like packaged goods, adapted for standardized 
production in different sizes and preload capacities. 

In the present case, the stretching force reactions are temporarily 
transmitted to a corresponding high yield point compression member, 
contained within the bundle. After embedding the preloaded unit in 
concrete and upon proper hardening of the same, the compression 
member is released by means of the protruding end connection (Fig. ©). 
The wire tension reaction is thereby transmitted to the concrete in 


form of initial, internal compression. Both end connections and the 


compression member are removed for reuse in the fabrication process. 


*Der Stahlsaitenbeton” by Ewald Hoyer, published by Otto Elsner Verlagsgesellschaft, Berlin, 1939 
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Fig. C (left)—Prestress unit end connection 


Fig. D (right)—End connections protrude from each rib 


It will be noted from Fig. B that the prestress units are easily curved 
under stress within given limits. This feature is of advantage in beam or 
girder construction, and may be compared to the purpose of bent-up bars. 
The so-called diagonal tension near the supports is thus effectively re- 
duced so that shear stresses are of minor importance. 

An experimental program has been carried out in St. Louis since 
1939. A test roof slab (Fig. D), with span of 28 ft. 6 in. between sup- 
ports, has ribs 10% in. high; thus the height-span ratio is about 1:33. 
This slab is designed for a live load of 30 lb. per sq. ft. (live load-dead 
load ratio 1:1), and prestressed in the longitudinal direction by two 
units of 10 tons capacity each, with an initial steel stress of 125,000 psi. 
The observed dead load deflection is minus 4% in, A uniform live load 
of about 40 Ib. per sq. ft. gave a deflection of plus .35". Up to this load 
the deflections are proportional to the load and no hair cracks were 
detected. 

Further progress has now been interrupted pending availability of the 
negligible amount of material and equipment required for experimental 
purposes, Practical applications will become feasible as soon as the 
necessary facilities’ for the fabrication of prestress units can be made 
available. Preliminary estimates for simple structures indicate possible 
steel savings of about 60 to 80 per cent compared with ordinary 
designs. 





——————— 
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The extent and duration of the present emergency cannot be fore- 
seen. It is quite possible that existing and now entirely obsolete steel 
structures may be considered as a source of scrap steel. Shall they be 
replaced with wood, which is neither fireproof, splinterproof nor plenti- 
ful? Concrete certainly would be much more desirable for various 
reasons. 

The writer fully agrees with the author in letting the conerete do all 
the work it is capable of doing and to use high yield point steel. It 
seems desirable that the suggested revisions of the ACI code include a 
provision for prestressed concrete design, based on actual test results. 
In contrast to many emergency compromises, any beginning made in 
this direction will gradually advance and widen the field of reinforced 
concrete construction, 


By THOR GERMUNDSSON* 


Mr. Bertin said “. . . that little can be said regarding the rela- 
tive steel consuming characteristics of the various types of floor and 
roof construction”. I have some data on this subject which may be 
of interest. 

Comparison of concrete floor systems 

In 1940, before the steel shortage became acute, seven types of concrete 
floor systems were designed including the supporting beams.t The studies 
included three live loads 50, 100, 150 psf, and three span lengths — 15, 
20, 25 ft. 

Comparative cost was then the object, but today, while cost is still 
a vital problem, it is the steel quantities that are of special interest 
The following steel quantities in lb. per sq. ft. of floor area for seven 
types of floors are taken from these design studies for 20-ft. span and 


100-Ib. loading. 


1, 20-in, metal pans 2.77 
2, 30-in, metal pans 2.58 
4. 1L2-in, masonry filler 3.54 
1, I6-in. masonry filler, . 3.43 
5. Oneewny alab. . 3.01 
6, Twoewny slab 4.70 
7 Flat slab 2.13 


One point that stands out is the superiority of the flat slab design, 
which requires only 2.13 |b. of steel per sq. ft.f) Tt not only uses con 
siderably less steel than the next lowest type, which requires 2.58 psf, 
but as shown in the original ‘studies, the flat slab is also the most econom 
ical floor design system, 

*Portland Cement Association, Chicago 

tity the Structural Mureau of the Portland Cement Asan, Design based on ACT Code 1046 with & = 


20,000 pri, fe = 2,500 pai 


TMlat slab here menane girderless solid slab with drop panela, column capitals and twoeway reinforcement 
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The designs that have most steel are types 3, 4 and 6—floors with 
masonry fillers and the two-way solid slab. The floors with metal 
pans and the one-way slab are between the extremes. 


Type 5, the one-way solid slab, deserves special comment. The steel 
factor of 3.01 psf is based upon a tensile stress of 20,000 psi but this 
stress may be increased to 25,000 according to the Joint Committee 
Report of 1940* for bars not exceeding 4 in. and to 30,000 according 
to the American Concrete Institute Code 1941 for bars not exceeding 
3¢ in., provided the stress does not exceed 50 per cent of the yield point 
stress. Since small size bars are readily obtainable with a minimum 
yield point stress of 50,000 psi, the slab bars may be designed for 25,000, 
which means that 20 per cent of their weight may be saved. Making 
the correction in type 5 brings the steel factor, including bars for sup- 
porting beams, down to 2.53 psf. The one-way slab then moves into the 
second-best position, 


Neither flat slab or solid slab ceilings need metal lath or plaster, 
Ceilings that require suspended ceilings with metal lath should have 
approximately one-half pound added to their steel factors. Types 1 and 
2, with suspended ceiling included, will then require approximately 
3.2 psf, and compared with this figure both flat slab and solid slab show 
a definite margin of saving. 


lat slab construction has been regarded as suitable especially for 
heavy warehouse loads. Actually, flat slab will often show a saving 
both in cost and steel for light load construction such as apartments; 
and it deserves consideration in many other occupancies, 


Weights of steel per sq. ft. of floor area taken from the studies are 
plotted in Fig. I. Increasing the load increases all steel factors, but 
the smallest increase in steel is in the flat slab, the superiority of which 
becomes more marked the greater the load, 


Comparison of reinforcement in columns 


The saving of steel in reinforced conerete columns will be illustrated 
by reference to a number of designs for which steel weights are given in 
Table D. The column load assumed is 500 kips, and the steel weights 
are given per column with 12-ft, story height. Various assumptions and 
design conditions are given in the table. Four design codes are included 
in the study. 

Comparison of items 1 and 2— Both are designed with minimum steel, 
but item | has ties while 2 has spirals. The tied columns require much 
less steel but they are larger than the spiral columns. It is surprising 


*Hecommended Practice and Standard Specifications for Conerete and Reinforced Conerete, 
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though that only a one-inch difference in size is required by both New 
York Code 1938 and Chicago Code 1937. Yet the reduction in steel 
for tied compared with spiral columns is 61 per cent for New York 1938 
and 33 per cent for Chicago 1937. Under the conditions in items 1 and 
2, it is evidently advantageous to use tied columns and, if there is a 
choice among the codes, to use New York 1938, for which the steel 
weight is only 174 lb. per story. A structural steel column of equal 
capacity would weight 1300 Ib. 

Comparison of items 2 and 3—-All the columns are 25 in. square, but 
item 2 has spirals while 3 has ties. Tied columns designed by ACI 
Code 1936 have abnormally high steel factors throughout. This is be- 
cause in a last minute change on the convention floor and against the 
advice of the committee which prepared the code, a load factor was 
changed by vote from 0.8 to 0.7. These columns will be disregarded in 
the following, since the column formulas in the 1941 edition of the 
ACI Code are the same as in the 1940 Joint Committee Report. 

Comparing 2 and 3, it is seen that the tied column has the same steel 
(J. C. 1940) or much less steel (N. Y. 1938) compared with the spiral 
column. Note particularly New York 1938 for which steel in the tied 
column is 53 per cent less than in the spiral column. Yet the size is the 
same. Again we see an illustration of the superiority of the tied column 
and of the New York Code in respect to column design. 

Comparison of items 4 and 5,—All the column sizes are reduced to 
22 in. square, and for such relatively small sizes, the tied columns require 
more steel, but not a great deal more than the spiral columns. The 
condition is reversed where the design is based upon 5,000-lb. concrete 
as will be discussed later. 
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Comparison of items 4 and 6—All the sizes are 22 in. square, but the 
concrete strength is 3,000 in 4 and 5,000 in 6. By raising the concrete 
strength we have reduced the steel 73 per cent for J. C. 1940 and 68 per 
cent for Chicago 1937. The conclusion is that when loads are large and 
column sizes are small, a great deal of steel may be saved by using high- 
strength concrete. 

Comparison of items 7 and 8—9 and 10—Items 7 and 8 are 20-in. 
columns with 5,000-lb. concrete. It is rather surprising to see that the 
tied columns in 7 have less steel than the spiral columns in 8. Items 9 
and 10 are 22-in. columns with 3,750-lb. concrete, and under these con- 
ditions tied and spiral columns have approximately the same steel re- 
quirements, ignoring the ACI Code 1936. In other words, relatively 
small column sizes with high-strength concrete will often require less 
steel when ties are used instead of spirals. On the whole, tied columns 
appear from the studies to be superior to spiral columns in regard to 
conservation of steel. 

Comparison of building frames 

The question naturally arises as to how much steel can be conserved 
by converting a building frame from an all-steel to a reinforced concrete 
structure. In ordinary times, when steel is plentiful, a comparison 
resolves itself into a question of cost. But today the viewpoint has 
changed, and attention is being focused on steel consumption. 

In 1940, five already erected buildings with steel frame were redesigned 
in reinforced concrete complete with floor framing plans and column 
schedules. No special attempt was made in any of the designs to con- 
serve steel since the sole object then was one of cost. Yet, information 
taken from the bills of materials prepared will serve to illustrate the 
question now under consideration. 

The five buildings varied so widely in respect to location, height, 
occupancy and layout that the results obtained are believed to be repre- 
sentative of a great variety of multistory building frames. Table E 
shows weights of steel per sq. ft. of floor area for both types of frame 
and also the amount of steel saved by the reinforced concrete design. 


TABLE E—STEEL PER SQ. FT. OF FLOOR AREA 


Project No. I Il Il] IV V Ave. 
S/S- Ib /sq. ft. 17.44 18.29 15.21 15.01 9.19 15.03 
R/C- Ib/eq. it. 6.21 6.87 6.40 5.93 3.09 5.70 
Savine- lb sq. ft. 11.23 11.42 8.81 9.08 6.10 9.33 


Saving—per cent 64 62 58 60 66 62 

















—e 





SAVING STEEL IN REINFORCED CONCRETE DESIGN 288 - 17 


Although the weights of steel vary considerably, the saving in per 
cent is remarkably uniform. It varies from 58 to 66 per cent, the aver- 
age being 62 per cent. The saving in cost by using concrete was much 
less uniform. It varied from 23 to 59 cents per sq. ft., with an average 
of 52 cents per sq. ft., which was one-third of the average cost of the 
structural steel frames including floors and ceiling treatment. 

The foregoing conclusions apply to multistory buildings which have 
relatively few or no exceptionally long spans. One-story structures 
with long-span roof construction will be discussed in the section that 
follows. 

Long-span roof construction 

Data on steel consumption for multi-story building frames showed an 
average saving of 62 per cent due to the use of reinforced concrete. A 
similar saving is computed for a one-story industrial building with rela- 
tively long spans and bays in the roof construction. 


il | : UU * : a : 1 Fig. F 


Fire wa 


Fig. F shows the roof framing for a warehouse of a type used in the 
present war period. There are five buildings, each 182 by 1,582 ft., out to 
out, plus a 16-ft. canopy. The transverse spans are 20-40-60-40-20-ft., 
except in the firewalls where they are all 20 ft., and the longitudinal 
column spacings are 20 and 40 ft. The three interior spans have light 








| 
| 
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trusses, and the entire roof has 2-in. wood decking. The structure is not 
fire-resistive, but concrete firewalls divide the building into lengths of 120 
ft. The design is typical of many one-story manufacturing and storage 
buildings being constructed at present, in which much steel is being wasted. 
The particular buildings under discussion were not built according to this 
design, but steel tonnage was estimated as 7,120 for five buildings. 
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The framing in Fig. G illustrates a redesign in reinforced concrete. 
The two outer spans that were 20 and 40 ft. in the original layout are 
changed to 30 and 30 ft. More significant, the spacing of the columns 
in the firewalls which was 20 ft. is changed to 30-30-60-30-30 as in the 
other concrete bents, The longer spans in the firewalis are less favor- 
able to the concrete design, but it is better to have all bents alike in 
case the firewalls some day may have to be removed to make room for 


some other kind of occupancy, 


Despite this unfavorable change, the concrete redesign requires only 
2,367 tons of reinforcing steel. The saving in steel, 4,753 tons or 6.2 psf, 
amounts to 67 per cent of the tonnage in the all-steel design. It must 
be said, however, that the saving is probably large because the concrete 
structure was designed taking into account many of the means of saving 


steel discussed in these pages. 




















288 - 19 


DESIGN 


IN REINFORCED CONCRETE 


SAVING STEEL 


























| 000 Ot | OOE ES 0000! 0OL OS | I'19 1d 
O00 UE | OOL UF 000 09 OO EL lI¢ 1d 
000 OF | OOO'St 007 L¢ 00'S O0OO'TE 000 OF | 000° OS 000 09 Tht 1d 
000'OF 000 OF 000 OF 000 OF O000'SE 000 OF | OON'CT 008"0¢ OOO SZ oor’ OOO OF OOL Lt tog 1d 
OO FE 000 TE 000 OF 009'ST 000 0F O00O'TE OOS FE OOL UE OOO #2 OL OZ 000 OF OOL EE ere 1d 
009'SZ 000 FZ 000 07 OO LI 000 SZ 000 FZ OOS TZ OOS 17 000 07 000 02 000 UZ OOO OT od Id 
00672 000'°9T 000'OT OOL'S 000 07 OOO'ST OOF TI oo’! O000'aT OOS ST 000'OT ooL°S Id 
OF O07 OT co Of o7 Ol co Of O77 Ol co TL Id 
Al Ill I] I \l III I] I Al II] I] I 
TI “IP Td %& ‘peo usiseq T¥ Ia % [ UsISaC] IT ¥ Id - Peo] ustsogd 
asBo [Bap] —F ajIBid pepusulUl0sayY —Z, pjIBId jUussalg—|] 





417718V1 




















288 - 20 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE April 1942 


Consistent method of increasing allowable stresses 

Table F contains three divisions. No. 1 represents present practice, 
No. 3 is an ideal case, and No. 2 illustrates an intermediate condition. 
Each covers four ratios of DL/LL. Various loading cases are considered 

including one dead load plus a certain number of live loads, the num- 
ber varying from zero to six. 

The stresses in No. 1 are computed for given loads and ratios in a 
structure designed as in present practice on basis of DL+LL and a 
constant working stress of 20,000 psi as indicated in the second line of 
stresses. It is seen that ultimate stress, 40,000 psi, is reached under 
2.5LL when DL/LL = 0.5 but under 6.0LL when DL/LL 4.0. This 
is just one way of demonstrating again the fact long recognized, that 
the present manner of treating factor of safety is grossly inconsistent. 
The St. Louis Code has tried to improve this situation by allowing 
design to be based on DL+4LL and a constant ultimate stress, but 
this proposal has not been taken up by other codes. 

No. 3 illustrates what happens if we design for DL+3LL and a con- 
stant ultimate stress of 40,000 psi. It is an idealized method of climinat- 
ing the inconsistency prevailing in No. 1. Note particularly the stresses 
under the loading of DL+LL. They vary from 17,100 to 28,600. psi. 
The point is that if the stress is kept constant for, say, DL+3LL, it 
cannot also remain constant for DL+LL. Therefore, if we want to 
improve present practice, we must operate with working stresses that 
have different values for different load ratios. 

This is where the difficulty lies. Everybody agrees on the principle 
involved but nobody likes to design for variable working stresses. The 
principle was embodied in the 1931 edition of the A.A.S.H.O. bridge 
specifications but abandoned in’ subsequent issues. The practical 
obstacles were considered too great. 

We are fortunate in having a very simple and ingenious way of over- 
coming also the practical obstacles, One proposal is studied in No, 2 in 
which we design for a load of 44DL4LL and a constant working stress 
of 20,000 psi. Let us investigate stresses for the various loadings and 
ratios noted in the table. The results are interesting. 

First, observe the stresses for DL+LL in No, 2.) They are variable 
as they should be, but the designer need not know it, or bother about 
it, because it comes out that way automatically when he designs for 
44DL+LL and a constant working stress of 20,000, All the designer 
has to do is to multiply all dead loads by 44. Live loads are in this case 
left unchanged, and everything else is the same as in present practice, 

By simply multiplying all dead loads by 44, which actually means 
that the dead load factor of safety has been reduced by 25 per cent, we 




















SAVING STEEL IN REINFORCED CONCRETE DESIGN 288 - 21 


have accomplished several things. First, we have raised the general 
level of allowable stresses above the current value of 20,000, which is 
considered desirable to conserve steel during the war. Second, we 
have taken a long step toward establishment of factors of safety that 
are consistent for all ratios of DL/LL. Third, since we have not gone 
as far as in No. 3, we still retain the advantage of having greater margin 
of safety for greater ratios of DL/LL. Finally, it seems a reasonable 
and consistent way to conserve steel by increasing all stresses but to 
raise them most where it is needed most. 

Whichever way we look at it, the new type of design load has ad- 
vantages. It is also highly adjustable. As new conditions arise, we 
may alter the load factors at will, but still keep on designing for the 
same constant working stress. The design load is the only thing that 
changes. It is hoped that this simple procedure will remove all prac- 
tical objections to a use of factors of safety which is more consistent 
than in present practice, 


By J. E. KALINKA® 


Mr. Bertin’s paper is timely and worthwhile. Recognition of the 
necessity to reduce consumption of critical materials and to consider 
the availability of certain types, shapes, ete. of such materials was the 
forethought of at least some, the more progressive, government engineer- 
ing agencies in advising some of their consulting engineers to disregard 
prevailing codes, even those issued by these agencies, and to carry out 
the most economical design in accord with the best knowledge of the 
art. I think this in itself was a definite step forward, to appeal to the 
skill of the designer, yet a safe step because no conscientious engineer 
would jeopardize his reputation by going beyond the limit of safety 
as established by his best understanding, 

An “emergency Code” is desirable, if not written in a strict code 
form, but rather compiled as a guide, giving certain directions and 
limitations, 

Liberalization of working stresses will be an effective means of con- 
serving critical materials, but it can also be a dangerous step if arbi- 
trarily applied. I call your attention to a very worthwhile discussion 
on that subject by Bruce Johnston,| who comments on the proposed 
increase of allowable unit stresses for steel structures, I quote: 

Even if the buckling and fatigue problems are avoided, increases in allowable unit 
stresses should imply a shift from a factor of ignorance to a load factor or true factor 
of safety in structural design, Hence, the engineer who uses such increased stresses 
should always ask himself the question: “Has the factor of ynorance decreased in 
inverse ratio to the increase in design unit stresses?” 


*Koberta & Schaefer Co,, Engineers, Chicago 
\Engineering News-Record, Feb, 12, 1942, p, 87 
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* * * while we know a lot more today about how to analyze stresses in structures 


it does not follow that this knowledge is usually put into practice. More often than 
not it is entirely impractical, if not impossible, actually to make a complete stress 
analysis of a structure. The important thing has been to build and use a structure, 
not to analyze it. 


The simple, approximate formulas for average or so-called maximum stresses which 
are used today do not tell anything about the localized maximum stresses in fillets, ete 


Design accuracy must compensate for increased stresses 

The thoughts are to some extent applicable to reinforced concrete 
design in that, if you increase stresses, you have to ‘‘make up” by greater 
design accuracy and by considering design assumptions beyond those 
usually taken into consideration. For instance, if a design takes into 
account not merely dead and live loads but also influences due to volume 
changes of concrete, possible predetermined unequal settlement of 
supports, ete., it is definitely justifiable to increase stress limits similarly, 
if not necessarily in the same measure, as conceded for wind and earth- 
quake loads. It must also be remembered that in larger spanning 
structures possible excessive deformations might restrict the use of 
higher unit stresses. 

On the other hand there are a number of conditions which, quite 
generally, permit a liberalizing of working stresses as, for instance, those 
cited by Bertin. I fully agree on the increase of steel stresses in slabs 
of small spans, on the reduction of the minimum percentage of steel in 
stubby reinforced concrete columns, ete. I also want to add that a 
saving in diagonal shear reinforcing can be obtained by using smaller 
and more closely spaced reinforcing bars, which is in agreement with 
the findings expressed in design codes abroad permitting, for closely 
spaced diagonal tensile reinforcing, an increase in stresses up to 100 per 
cent above those permitted in connection with the use of heavy and 
widely spaced bars. Reinforcing in wall panels can be saved if more 
frequent expansion joints are provided, or if the edges of these wall 
panels are more heavily reinforced, permitting a considerable decrease 
of reinforcing in the center portion of wall panels. In certain cases 
reinforcing steel can also be saved by resorting to the design of ‘‘wall- 
like” girders (diaphragms) as self-carrying units in which there is a 
propitiously large effective depth. 

A very important point mentioned by Bertin is to encourage the use 
of plain concrete, and his words should be heeded: “Let the concrete 
do all the work it is capable of doing’. Let me tell you a story of an 
experience some 15 years past. My company had designed and built 
a great number of underground pits and hoppers for railroads averaging 
20 x 20 x 20 ft.; some of these were subject not only to earth pressure 
and the dynamic forces imposed by railroad tracks above, but even to 
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hydrostatic pressure. In making a rough analysis I was first baffled 
in as far as a considerable amount of reinforcing bars seemed to be 
required in the 12-in. and 1IS-in. walls and floors, if then prevailing 
building codes had been followed. The fact that these structures stood 
up for years and in fact still today give service and are water-tight led 
me to a more thoughtful analysis of these structures by considering the 
closed frame action-—both horizontally and vertically—-with the result 
that if such structures are analyzed as they actually behave, i.e., as 
three dimensional boxes, the maximum stresses, both compressive and 
tensile in the plain concrete walls, amounted approximately to but 
200 to 250 psi. Here, manifestly, the concrete had done and still does 
all the work. 

It seems that such striking behavior should tend to utilize plain 
concrete more frequently in structures not subject to changing atmos- 
pheric conditions and EXCESSIVE volume changes in concrete. In arguing 
the factor of safety of such plain concrete structure one has to consider 
that the above-mentioned 250 psi maximum tensile fiber stress is arrived 
at by straight line theory. The actual concrete tensile stresses, by 
virtue of a curvilinear distribution of fiber stresses within the bent 
section, may be only 50 per cent or 60 per cent of the theoretical value 
or 125 to 150 psi. This brings me to the point 1 want to make, Le., that 
saving in reinforcing steel can also be obtained in certain types of struc- 
tures and structural members if the tensile resistance of concrete is 
taken into account. 

Although not directly connected with the interest of the forum, it is 
mentioned in Bertin’s paper that we liberalize the use of wood for roof 
structures, which also applies to wider spanning form work for concrete 
structures. In this connection I call your attention to glued laminated 
wooden arches, frames and beams which came on the market during 
the last few years. These products were rigidly tested by the U. 8. 
Forest Products Laboratory.* They consist of laminae scientifically 
arranged, pressure-glue-welded, into solid members By virtue of care- 
fully selecting the material and arranging laminae so that the grain 
follows one principal stress plane, it is logical that Ingher unit stresses 
than those now permissible for natural timber could be used 

As mentioned in the last paragraph of Bertin’s paper, ‘‘making all 
those involved in the design and construction of structures steel con- 
servation conscious is the prime requisite’. However, it is Just as im- 
portant that those involved in the negotiation of contracts be even more 
conscious of the possibilities for steel conservation, and it is hoped that 
the Hecessary cooperation may be accomplished by making an “}mergency 
Code” available to those responsible all down the line 


*U. S. Department of Agriculture Bulletin No. 691 
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By M. O. WITHEY* 


The liberalization of working stresses has been mentioned as one of the 
possible means of lessening the use of steel. It seems to the speaker that 
for more important structures, working stresses already appear sufficiently 
high for beams and slabs. Resistance to corrosion and water tightness 
demand that cracking be reduced to a minimum. Increasing working 
stresses will cause wider cracks and more deflection of slabs and beams, 
regardless of the yield point of the steel used. In columns the use of 
low percentages of deformed high elastic limit bars and high strength 
concrete is a possibility worthy of consideration. Attention should also 
be given to the possible use of high strength plain concrete with about a 
half to one per cent of spiral. Steel can be conserved by making beams 
and slabs deep and columns larger. The use of the light weight aggregate 
will afford some reduction in dead load. Wherever information exists 
concerning the character of the live load, full advantage of that informa- 
tion should be taken into account in designing. The use of plain concrete 
in footings should be permitted only when the stresses in the footings 
are those permissible for plain concrete, In general it does not appear 
wise to increase working stresses for important structures, but it does 
appear wise to change methods of design and use sizes of members not 
now considered efficient under normal conditions. The advantages of 
pre-cast and pre-stressed members should receive thorough consideration. 
The possible use of Bessemer steel and other steel not satisfactory for 
services demanding the highest grade of steel, should be carefully con- 
sidered for the manufacture of reinforcing bars and mesh. 


By LEO KAUFf 


I want to refer to the explanation given by Mr. Schorer of the 
saving of steel, through pre-stressing. There are two schools on steel 
savings; one plan is to take high yield point steel and stress it to over 
twenty, thirty or forty thousand pounds per square inch, without regard 
to cracks in the tension zone. The other school is to take tension alto- 
gether out of the concrete by pre-stressing. ‘These two methods have been 
combined by a method, first evolved by Emperger, which is being exten- 
sively discussed in London just now, where refugees from France and from 
Central Europe are leading a very heated battle. The school of combin- 
ing the two methods is afraid of pre-stressing alone, because they claim 
that if the pre-stressing of concrete is done without sufficient super- 
vision, the fate of a pre-stressed structure is dependent on the conseci- 
entiousness of the man who pre-stresses, Well, Mr. Schorer has shown 
us a very ingenious device by which this factor is mitigated, but this 


*Professor of Mechanics, University of Wisconsin, Madinaon, 
tMember I, Struc, ., London, England, present at ACI convention, 
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device naturally has not been known to those who use this argument. 
These people propose stressing high-yield-point steel up to forty and 
fifty thousand pounds per square inch, and pre-stressing the tension 
zone to minimize the cracking in the concrete. The combination has 
not been used extensively, and we have no data as to results, while we 
know the results of pre-stressing alone. We know the work of Frey- 
ssinet in bridges, and the replacing of normal steel joists by precast pre- 
stressed joists. For these, the wire is stretched in one length of several 
hundred feet, and goes through the single forms laid out in one row end 
to end. After the concrete has hardened, the wires are cut. This is a 
very inexpensive method of pre-stressing, and should be taken up exten- 
sively. 


Another subject I should like to mention is in connection with research 
undertaken by myself in designing wide-span precast construction. In 
1940 I had to design, upon the request of the British Government’s 
Building Research Station, an arched-roof of a hundred and sixty foot 
span, without using any lumber, and very little steel. The previous 
roofs were constructed of 650 tons of structural steel. The final concrete 
design required one hundred tons of cold developed reinforcing steel. 


After the events in Norway, there was no lumber available for concrete 
forms; pre-cast concrete was the only solution. Preliminary tests had to 
be made, as there is no literature available indicating how to join axially 
pre-cast units and take care in joining of bending moments and shear. 
The tests consisted in loading beams of eight foot span to failure, and 
doing the same with two pieces of four feet each, joined together by 
different methods, thus ascertaining the loss of moment of resistance. It 
proved advisable, in the end, to use twin units and stagger the Joints, 
because the spread in strength, through overlapping the steel for joining, 
was as much as 25 per cent, according to the conscientiousness or negli- 
gence of the worker. 


A recent article on this subject* dealt also with the possibility of using 
reinforced concrete for one-story structures, 


By GEO, E. STREHANT 


In the emergency war effort, while our energy must be applied to 
immediate expansion and new construction for defense production, a 
word for cautious procedure is pertinent, Just as there exists an all-out 
present emergency, there will also be a post-war period of reconstruction. 
To the extent that normal public and private improvements are now 
held to an absolute minimum, much of the new construction will find 


*Leo Kaul, Conerete, Oot, 1041 
(Consulting Engineer, New York, N. \ 
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a place in post-war development. Wherever possible, emergency devel- 
opments should be directed along lines of permanent usefulness, or 
recognition be given to purely temporary character in the design. 

War-time activity has already manifested itself in extensive popula- 
tion shifts accompanied by demands for war-time housing and human 
habitation facilities as well as industrial construction. In 233. cities 
with populations varying from more than 500,000 to less than 25,000 
recent population shifts have necessitated rezoning plans and recovery 
of areas back to or from residential uses in over 75 per cent of the former 
and 35 per cent of the latter classification. Required construction 
unless controlled within reasonable and safe limitations will develop 
another era of white elephants, and blighted areas with added distress 
to tax-overburdened communities. 


Not code revision but emergency regulation 


The urgent program of speedy erection and minimum essential mate- 
rial consumption requires not a general revision of building codes but, 
as stated in the paper a complete emergency regulation. It should apply 
to essential defense construction only, be issued and directed by the 
proper national agency. The delegation of this work to the code com- 
mittees of the various national technical organizations would result) in 
delayed action. A competent committee of delegated representatives 
from each such organization should be appointed by federal authorities 
immediately to codify the basie technical specifications and their appli- 
cation, 

Such proposals as the general use of reinforced concrete with war- 
time stresses, the general liberalizing of working stresses for all materials, 
the recently suggested increase of allowable unit stress for structural 
steel up to 28,000 psi for static loads combined with modern and to a 
large extent experimental methods of design will lead to structural and 


economical set-backs. 


Iixperience indicates that decreases in specified load factors must be 
accompanied by corresponding decreases in the ignorance factor fre 
quently prevalent in structural design, The writer is at present re 
enforcing a defense plant Gperating on a 24-hour schedule, seven days 
a week, in which production demands resulted in loading a reinforced 
concrete floor with 1,000 psf. designed for a load of 250 psf., an actual 
total load factor of 3 combined with occasional impact. The strueture 
was saved from immediate collapse by the reinforcement of square 
twisted rods with a probable yield point of 50 to 55,000 psi., while de 
signed with a working stress of 18,000 psi. Excessive deflection accom 
panied by cracking and spalling gave ample warning before collapse. 
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The use of high yield steels in reinforced concrete as demonstrated by 
the 1941 New York tests indicated safe working stresses of 24,000 lb., 
and if deflection and cracking are not deterrents even 30,000 psi. Such 
use must be tempered with judgement and controlled design. Mono- 
lithic structures frequently become permanent developments and should 
be treated accordingly. Consideration of the New York Code allow- 
ances for lower percentages of reinforcement in rodded columns, and 
thinner sections in structural steel design are also indicated. Increases 
in working stresses for structural steel design will follow consideration 
of the elastic stability requirements of the particular structure. The 
arbitrary recommendation of working stress with a factor of 144 on the 
yield point certainly demands careful scrutiny of the use of the structure. 
The steel frame of defense structures subjected primarily to wind loads 
might warrant such increase, but not the general case of “determinate 
static loads”, 

It is realized that engineers must do more, faster in the urgent indus- 
trial defense program. All materials must be considered. Timber in 
roof trusses, and on roof and floor decks can be erected on reinforced 
concrete as well as light structural steel frames with speed, economy, 
safety and flexibility. The timber can be treated for durability, as 
well as fire resistance. Heavy industrial structures can be economically 
and speedily erected at relatively low costs with untreated and treated 
timber, with full realization of their possible removal and salvage value 
in the more temporary structures. Reinforced concrete combined with 
timber lends itself economically to highway bridges and steel economy 
can be affected here as well as in the road construction itself 

The proposal for a national emergency code calls for immediate 
action in relation to all struetural materials, individually as well as in 
combination, The desired objective would be expedited by the forma- 
tion of a Joint Technical Committee operating under proper federal 
authority to correlate all the essential recommendations to the end that 
steel will be saved for its more critical war uses, 


By CHESTER L. POST* 
livery engineer will approve every reasonable effort to adjust design 
and construction for maximum utilization of critical materials, during 
the present emergency. Steel in any form is a critical material. Any 
revision in methods of design and construction, during the emergency, 
should be considered as a temporary expedient and should not perma- 
nently upset the orderly development of concrete design and construction, 
The ACT and Joint Committee codes are the results of extensive 
research, study, and faithful effort of many capable and conscientious 


*Chairman Advisory Committee on Engineering, Public Buildings Adminietration, Washington, D.C 
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men over a period of years. Any code must be a compromise of many 
viewpoints and must be applied to work which will be done by engineers 
and contractors ranging from those who are capable and conscientious 
to those who are incapable and careless. A code, therefore, should be 
sufficiently conservative to provide some margin of safety even under 
unfavorable design and construction conditions. 

It will be unfortunate if the present emergency is used as a pretext 
to upset the ACI and Joint Committee codes. These codes do not fix 
loading, therefore, loads may be adjusted without requiring any material 
change in the application of the codes or any tables or diagrams based 
on the codes. The same is true with reference to the application of any 
recognized building code. 

The following discussion is presented as an attempt to analyze con- 
ditions and to develop a method which will result in a reduction in the 
amount of reinforcing used in any particular project, without resulting 
in dangerous construction. In considering any change, it should be 
remembered that conditions will be less favorable than during normal 
times. 

Unfavorable conditions 

Design — Designs must be prepared hurriedly without the usual oppor- 
tunity for careful study. Due to the great demand for engineers, some 
work will be designed and detailed by men of questionable fitness, 

Inspection— Inspection may be done, in many cases, by inferior per- 
sonnel and due to the emergency, even capable inspectors will be inclined 
to be less rigid in their requirements. 

Construction— Requirements for speed may result in inferior materials 
and workmanship. Due to extreme demands for construction forces, 
the contractor’s organization will not be of the same high quality as 
in normal times. 


Emergency construction 


Construction during the emergency should be based on the following 
factors, in order of their importance: (1) speed, (2) most productive 
use of critical materials, (3) economy. 

1. Speed—Vor maximum speed, consideration should be given to 
simplicity of design. This will result in a saving of time and labor for 
building forms and the placing of reinforcement. 

The use of readily available materials for forms, reinforcing, aggre- 
gates, etc., will permit greater speed. 

2. Most productive use of critical materials— Metals, being critical, 
should be used as sparingly as consistent with safety, 

3. Economy—Kconomy becomes a minor consideration as compared 
to the previously named factors. 
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Proposed method of design 


Safely— Due to the unfavorable conditions for design and construction, 
during the emergency, any deviation from accepted practice should be 
carefully considered, 

Safety factor is a term used to represent the ratio of ultimate loads 
to working loads, therefore, structures are designed to provide additional 
capacity to provide for unknown and indeterminate conditions, 

This additional capacity may be provided by assuming additional 
loadings or by reducing design stresses. For the purpose of this dis- 
cussion, the subject will be treated by increasing assumed loadings and 
later a factor will be applied to reduce the loadings to correspond with 
design stresses used in present practice. 

Three factors are involved in providing an adequate margin of safety; 
(1) design, (2) construction, (3) overloads, 

1. Design Designs are largely based on imperical coefficients which 
may not provide uniform margins of safety for all conditions of loading. 
Krrors may occur in calculations and detailing. Assume 25 per cent 
increase in loading to provide for safety in design, 

2. Construction— The strength of the concrete may be lower than 
assumed, The reinforcement may not be placed accurately. The dimen- 
sions of concrete sections may be deficient. The curing of the concrete 
may be inadequate, Assume 25 per cent increase for construction, 

3. Overloads — Structures or portions of structures are frequently 
subjected to live loads largely in excess of those assumed for design. 
Assume 100 per cent increase for overloads, The overload factor does 
not apply to dead loads, as the dead loads can be accurately determined, 

Combining the above factors, the following results are obtained to 
represent ultimate conditions for design: 


Live Lond Dead Load 
Design. . 2h 25 
Construction 25 25 
Overloads 1.00 
Loads assumed for design 1.00 100 
Ultimate loads or safety factor 2 50 150 


The above basis will result in a more uniform safety factor for all 
conditions of loading than current methods and deserve consideration 
for adoption in normal times, During the emergency, the additions 
for design and construction should not be redueed, A reduction may 
be made in the addition for overload, If the overload addition is reduced 
to 0.5, the following relationship will result: 
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Live Load Dead Load 
eee . ; 25 25 
Construction........... 25 25 
Overioad............ ae 50 
Loads assumed for design... . . 1.00 1.00 
Ultimate loads or safety factor... . 2.00 1.50 


To reduce loads so that usual working stresses may be applied, a 
factor must be applied to the assumed ultimate loads. A factor of .5 
is recommended as representing a reasonable relation between yield 
point stress and working stress. The two cases then become for design 
loads. 


1. .6 (1.5 DL + 2.5 LL) = .75 DL + 1.25 L 
2. .5 (1.5 DL + 2.0 LL) = .75 DL + 1.00 L 


The second formula is recommended for use during the emergency. 


L 
L 


The attached table gives comparisons of current practice, formulas 
1 and 2 based on: (1) resultant unit stresses for DL plus LL; (2) safety 
factor on basis of DL plus LL; (3) safety factor on basis of LL only. 

The use of the formula .75 DL + 1.00 LL seems simpler to apply than 
changes in design stress, as no changes need be made in usual methods 
of design after adjusted loads are computed. 

The following additional methods are recommended to save reinforcing. 

(1) Increase normal values of d a minimum of 10 per cent. 

(2) Use unreinforced footings and walls wherever feasible. 

The ACI and Joint Committee codes provide methods for computing 
unreinforced footings. (Table G). 

(3) Where special structures are designed for loads such as tanks 
or machines where position and maximum loads do not vary, the loads 
may be treated as dead loads. 

(4) Use types of construction which require minimum reinforcing. 

(5) Use high strength concrete in members for which amounts of 
steel are governed by compressive, shearing and bond stresses. 

(6) Increase the sizes of columns as much as conditions will permit. 

(7) Use prestressed reinforced concrete for circular tanks and circular 
roof structures. Considerable saving in steel will result and cracking 
will be minimized. 

The above methods will result in more balanced designs insofar as 
safety is concerned and will result in the minimum amount of changes 
in office practice. 

Acknowledgment is made for helpful suggestions made by other 
members of the society. 
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TABLE G—COMPARISONS 


Unit Stresses Based on Intermediate Grade of Steel 
For other grades of steel the changes will be proportional 


DL | .25 5 2 3 { 5 
LL 
Current Practice 20,000 | 20,000 20,000 20,000 | 20,000 | 20,000 | 20,000 


1) .75 DL + 1.25 LL | 17,400 18,500 | 20,000 21,820 | 22,860 | 23,500 | 24,000 
2) .75 DL + 1.00 LL | 21,050 | 21,820 | 22,860 | 24,000 | 24,620 | 25,000 | 25,260 


Safety Factor Based on DL + LL 


Current Practice 2.0 2.0 2.0 2.0 2.0 2.0 2.0 
1) .75 DL + 1.25 LL 2.3 2.16 2.0 1.83 1.75 1.70 1.67 
2) .75 DL + 1.00 LL 1.9 1.83 1.75 1.67 1.63 1.60 1.58 


Safety Factor Based on LL only 


Current Practice 2.25 2.5 3.0 4.0 5.0 6.0 7.0 
1) .75 DL + 1.25 LL 3.06 3.01 3.0 3.04 3.12 3.22 3.33 
2) .75 DL + 1.00 LL 2.01 2.03 2.06 2.17 2.28 2.40 2.52 


The above values are based on relative loads and do not take account of the negligible 
changes which would be caused by variations in jd due to changes in per cent of steel 


1) Is equivalent to using 26,666 psi. for DL, SF 1.5 
and 16,000 psi. for LL, SF 2.5 
2) Is equivalent to using 26,666 psi. for DL, SF oO 


l 
and 20,000 psi. for LL, SF 2.0 


By W. C. SPIKER* 


The writer is strongly in favor of designing both reinforced concrete 
and structural steel on a basis of dead load plus at least one and one half 
times the live load at a stress appreciably under the elastic limit of the 
material. 

At a convention of The American Institute of Steel Construction 
about twenty years ago the writer proposed the above method and at 
that time pointed out that a constant unit stress for girders and beams 
carrying only dead load as compared with girders and beams carrying 
a high percentage of live load is inconsistent. 

Recently, through an associate, the writer was glad to hear that by 
reason of the War there is now some prospect of discontinuing the 
waste which has been going on through the decades. 

For the purpose of simplifying the design work and avoiding confusion 
the following formula or some similar formula is proposed: 

Design Load 7 (D.L. + 1.6x L.L.). 


*I-ngineer Adviser to Public Buildings Administration, Washington, D. C. 
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Possibly a simpler formula for gradually decreasing the actual unit 
stresses under D.L. only to the present existing unit stresses under D.L. 4 
say 350 to 450 per cent L.L. can be devised which will also permit cal- 
culations to be carried on as at present and not change present working 
unit stresses. 


By HALE SUTHERLAND* AND BRUCE JOHNSTONT 


Mr. Bertin has written a clear and concise article on the important 
question of conserving steel in the emergency. The writers have no 
arguments against increasing stresses in the use of high yield-point steel 
provided that it is understood and expected that in some cases such 
stresses will produce visible cracks. Such cracks will be the result of 
stress-producing loads in addition to any shrinkage or temperature 
cracks which may also develop. Cracks in concrete will in some cases 
be of little importance, particularly in some structures of a temporary 
or emergency nature. 

There is likely to be danger of carrying over into post-war practice 
design procedures which have been adopted specifically for the emer- 
gency. This may or may not be desirable, and emergency design practices 
must be carefully re-evaluated before they are allowed to apply to 
permanent structures. 

This word of warning is of importance, particularly since Mr. Bertin 
believes present standards to be unduly conservative. Although this 
may be true in some respects the writers are unable to agree that this 
estimate of present day codes is generally the case. 


By CARLTON S. PROCTOR} 


Mr. Bertin’s paper could not be more timely. Engineers charged 
with the responsibility for structural design must awaken to the fact 
that the national emergency requires all possible conservation of steel, 
and that a waste of steel today is distinctly a national dis-service. 

There can be no question but that steel consumption can and must 
be greatly reduced, and that this can be largely accomplished through 
intelligent design and code modifications which will take cognizance of 
the fact that many codes are unnecessarily extravagant in their require- 
ments and that emergency codes should immediately be adopted per- 
mitting high working stresses for temporary structures and encouraging 
substitutions wherever feasible. 

The engineer’s responsibility is to include in his design, substitutes 
for steel wherever permissible and to assure that the usual over-design, 

*Head of the Department of Civil Engineering and Director of Fritz Engineering Laboratory, Lehigh 
University, Bethlehem, Penn. 


tAssociate Director of Fritz Engineering Laboratory, Lehigh U niversity, Bethlehem, Penn. 
tMoran, Proctor, Freeman & Mueser, Engineers, New York, N. Y. 























SAVING STEEL IN REINFORCED CONCRETE DESIGN 288 - 33 


or factor of safety (frequently a factor of ignorance) be reduced to a 
safe minimum. 

The Steel Conservation and Reclamation Committee of the Engin- 
eers Defense Board has recently made recommendations to the OPM, 
which if adopted, will result in conservation of steel and use of sub- 
stitute materials. The emergency code included in Mr. Bertin’s paper 
is a part of that report. It is expected that future reports of this com- 
mittee will include additional constructive recommendations, and it is 
to be hoped that all engineering bodies whose membership includes 
designers of structures and framers of codes, will adopt revised standards 
of design and of code requirements in an effort to help to meet the 
present national shortage of ferous metals. The publication of the Steel 
Conservation and Reclamation Committee’s report* has already brought 
forth a great many favorable comments from governmental and private 
designers. Quoting from one letter received on the subject, the writer 
states: “I can positively state that I have found in most defense 
drawings a waste of reinforcing steel amounting in most cases to not 
less than 30 per cent.” 

This and other letters and comments point out numerous procedures 
for the conservation of steel in structural design which were not covered 
in the first report of the committee, and indicate the large opportunities 
for steel conservation or substitution which are open to the designing 
engineer. 

It is very much to be hoped that through publications such as that of 
Mr. Bertin’s paper, and through code revisions and committee activities 
of societies such as the American Concrete Institute, the engineering 
profession in this country will make its full contribution to the national 
emergency. 


By LANE KNIGHTT 


The foregoing discussion has undoubtedly been interesting but most 
of the exceptions to Mr. Bertin’s paper were based on possible complica- 
tions in multiple story construction. Actually, however, the bulk of our 
present construction and probably all of our future defense projects will 
be relatively simple one story structures, so the criticisms are hardly 
pertinent to today’s problem. 

We are all familiar with the typical defense plant which is little more 
than a floor qnd roof without any particular complex design problem save 
perhaps the problem of spans. Now the Institute Committees have been 
criticised in the past for the time required to bring forth a definite recom- 
mendation in reports, but as time is now the essence of our war effort, 


*Civiul Engineering, February 1042 
tVice-President Master Builders Co. Ltd., Toronto, 
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I believe we would be doing a worthwhile service if the various Committees 
could immediately cooperate in the development of a simple basic specifi- 
cation for a typical defense plant. The specification of course would be 
based on reducing all reinforcing steel to an absolute minimum but com- 
pensating for this reduction by an increase in the compressive strength of 
the concrete. This is in line with the interesting figures shown by Mr. 
Germundsson indicating savings effected by increasing the compressive 
strength of the concrete. 

I sincerely feel that such a specification would be of tremendous value 
as a guide to the engineers and architects who are engaged in defense 
construction. Possibly a definite job specification might not be practical 
for various reasons but it would seem that the Institute could and should 
by an elaboration of Mr. Bertin’s theme suggest in a published report 
possible ways and means of conserving steel in defense construction. 


CLYDE T. MORRIS* 


This subject was discussed at the February meeting of Committee 
XV (Iron and Steel Structures) of the American Railway Engineering 
Association of which I am a member, and I was recently called to New 
York by the American Standards Association as a member of a committee 
to frame specifications for the WPB for the use of higher working unit 
stresses in structural steel for buildings, as a means of conserving steel in 
the present emergency. 

Highway departments and the railways are greatly hampered by the 
necessary priorities required for steel for buildings, bridges and reinforce- 
ment. As stated by Mr. Bertin, the use of reinforced concrete, properly 
designed, in place of structural steel will free considerable steel for use 
in the war effort; but I believe that we may go much further in that diree- 
tion by eliminating the reinforcing altogether in certain types of structures. 

The Government itself, in war projects which have A-1-A priorities, is 
in many cases using steel with a prodigal hand. Engineers have been 
schooled in the use of reinforced concrete until the design for almost any 
structure which may not be termed “mass concrete” will show networks 
of reinforcing steel where by no stretch of the imagination can any tensile 
stress be found for it. This conservatism is probably justified in normal 
times and in structures planned for unknown future loadings. But in 
this emergency there is a large field for plain concrete which, in the rush 
for quick construction, seems to have been forgotten, ’ 

(a) The “‘igloo’s” used in the numerous munitions plants for storage 
of explosives are reinforced with networks of steel in each face, both of 
the arch-barrel and the end-walls. If the shape of the arch barrel is 


*Dept. of Civil Engineering, Ohio State University, Columbus, Ohio. 
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properly formed so that the thrust lines for the worst conditions of load- 
ing remain within the middle third of the cross section, no reinforcing 
steel is necessary. To accomplish this it may be necessary to increase 
slightly the amount of the concrete used. In the head walls, no one would 
question the stability of 13 in. brick walls for a height of 15 ft. Why not 
a 12 in. plain concrete wall? 

(b) There are hundreds of stone masonry arches which have been 
doing service for centuries. There are also many plain concrete arch 
bridges constructed from 10 to 40 years ago which have shown no signs 
of distress from loads or temperature changes. A notable example is 
the Rocky River Bridge at Cleveland, Ohio, built in 1910 with a clear 
span of 280 ft. Many others might be enumerated. 

(c) Gravity type foundations, dams and retaining walls are perhaps 
more effective in their functions than those of reinforced concrete. Why 
not extend their use in this emergency? 

I have given considerable study to the use of plain concrete for struc- 
tures such as those cited above and find that, with proper design, igloos 
and arch bridges can be built, practically without steel, by increasing 
somewhat the amount of concrete used. In the case of arch bridges with 
ratio of rise to span of one-half, the increase in concrete section will be 
slight. As the ratio of rise to span decreases thicker sections will be 
required, 

The elimination of the steel, especially in thin sections, will be: con- 
ducive to better concrete, as the placing and spading is much easier and 
the amount of mixing water may be reduced. The total cost may be 
increased or not, depending upon the relative cost of steel and concrete 
in each particular case. But in the present emergency cost is not a 
determining factor. Conservation of steel for guns and ships and tanks 
is parvmount. 


Such further discussion of Mr. Bertin's paper as is received (in tri- 
plicate) by the ACI Secretary by June 1, is scheduled for publi- 
cation in the JOURNAL Supplement concluding Proceedings V. 38 
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Concluding Discussion of a paper by R. L. Bertin: 


Saving Steel in Reinforced Concrete Design* 


DISCUSSION BY EDWIN F. ALLBRIGHT and AUTHOR 
By EDWIN F. ALLBRIGHT{ 


Interesting as is the subject discussed by Mr. Bertin, I took exception 
to his statement that “little can be said regarding the relative steel con- 
suming characteristics of the various types of floor and roof construction.” 

(In other discussion Mr. Germundsson tabulates{ steel quantities in 
lb. per sq. ft. of floor area for 7 types of floors, taken from design studies 
for 20-ft. span and a 100-lb. loading. The table clearly points out the 
superiority of the flat slab design, which requires only 2.13 lb. of steel per 
sq. {t., which is considerably less steel than the next lowest type, and is 
also the most economical floor design system.) 

The Grid system of reinforced concrete construction has often been in 
competition with the solid flat slab construction. The savings in general 
have run from 20 to 30 per cent in concrete and from 10 to 20 per cent in 
reinforcing steel. Under present conditions, where the saving of rein- 
forcing steel is of paramount importance, we recently have been making 
our comparisons where the amount of concrete in the Grid system is the 
same as in the solid flat slab, thereby making the entire saving in the 
reinforcing steel. 

Some calculations made on a solid flat slab for an interior panel 20 
x 20 ft. and for a live load of 100 lb. per sq. ft. gave us for the weight of 
steel 2.13 lb. per sq. ft.t This design was based on a solid slab 7% in. 
thick and a drop panel 7 by 7 by 3% in. and a column cap of 4 ft.- 
6-in. diameter. 

Calculations were also made on the Grid flat slab, having the same 
amount of concrete, for an interior panel the same size and live load, 

*ACI Jounnat, Feb. 1942; Proc. V. 38, p. 281: discussion, p. 288-1 to 36, Apr. 1942 Jl. The announced 
schedule called for closure on the dis cussion of Mr. Bertin'’s paper June 1 and publication in this Supple- 
ment. ‘The timeliness of the subject and the many contributions to the discussion at the 38th Annual Con- 
vention, Chicago, Feb. 20, prompted the publication in the April Jounnat of discussion then available. 

{Secretary and Engineer, Grid Flat Slab Corp., Boston, Mass. 


TACI Jounnat, Apr. 1042, p, 288 - 12. 
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basing the design on 8-in. domes plus 3-in. of concrete topping, a drop 
panel 7 x 7 ft. x 4 in. and a column cap 4 ft. 6 in. in diameter. The weight 
of reinforcing steel in the Grid slab figured to 1.41 lb. per sq. ft., showing 
that the solid flat slab requires 50 per cent more reinforcing steel. 

The saving is effected without increasing the allowable stresses or 
decreasing the live or dead loads; in other words, without making any 
changes in existing codes. 

AUTHOR’S CLOSURE 


The writer is indebted to those who have been kind enough to discuss 
the paper, thereby adding so much to its value. 

Since the writing of the paper much has happened to crystallize the 
concept of steel saving into actuality. The culmination is found in the 
issuance by the War Production Board of a set of ‘‘National Emergency 
Specifications for Design of Reinforced Concrete Buildings,” the use of 
which is prescribed “for the War Production Board and for the Army, 
Navy, Maritime Commission, Reconstruction Finance Corp., National 
Housing Agency and for all other departments and agencies in respect 
to war construction and the financing of war construction. *” 





*See ACI Journa, Nov. 1942—Ebprror. 
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SYNOPSIS 


This paper describes certain features of the design, production, and 
setting of the precast reinforced-concrete, exposed-aggregate panels 
used for the exterior facing of the new Naval Medical Center at Beth- 
esda, Md. 


INTRODUCTION 


The outstanding feature of the new Naval Medical Center at Beth- 
esda, Md. is the use of an architectural concrete facing for practically 
all of the buildings. This facing consists of precast reinforced-concrete 
exposed-aggregate panels set for the most part in a manner similar to 
natural stone and backed with brick work. (Some panels were also 
applied on concrete basement walls in place, but this procedure, as will 
be mentioned later, is not recommended.) These panels were used on 
the eight principal buildings of the medical center and will be used on 
additional buildings soon to be placed under contract. The buildings 
now completed on which the panels are used inelude:' Main building 
(Fig. 1 and 3) with a 20-story axial tower, a 4-story north wing for the 
Dental School, a 4-story south wing for the Medical School, and a 3- 
story east wing containing operating rooms and accessory facilities; 
Subsistence and Recreation building (Fig. 2) adjoining the east wing of 
the Main building, which provides galley, messing, storage, and recre- 
ational facilities including a large auditorium. 


Nurses’ Quarters (Fig. 4), northeast of the Main Building group, 
providing living facilities for 70 nurses; Hospital Corpsmen’s Quarters 
(Fig. 5), south of the Main Group, furnishing living and recreational 
facilities for 280 corpsmen; two ward buildings (Fig. 6), directly south 


*Received by the Institute Dec. 4, 1941. 
tCaptain, CEC, U. 8S. Navy; Bureau of Yards and Docks, Washington, D. C.; in charge of construction 
new Naval Medical Center. 
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of the operating wing of the Main building and the Subsistence and 
Recreation building and connected thereto by corridors (two additional 
ward buildings on the south and four on the north side are contem- 
plated); laundry and garage and central heating and refrigeration plant, 
located to the east of the Main building group (Left foreground of Fig. 2). 
The entire medical center is shown in a ground plan in Fig. 7. 


Work was started by the Bureau of Yards and Docks on the fune- 
tional layout of the new establishment, in collaboration with the Bureau 
of Medicine and Surgery of the Navy Department in 1938, and by the 
spring of 1939 had advanced to the stage of structural and architectural 
design. Paul P. Cret, Philadelphia, was retained as consulting archi- 
tect, and later when it was found that due to the great complexity of the 
project, the Bureau of Yards and Docks design foree was unable to 
complete all buildings in time, Mr. Cret’s office was also commissioned 
to prepare the contract drawings for the ward buildings, nurses quarters, 
and corpsmen’s quarters. 


Brick or limestone was first contemplated for these buildings, but it 
appeared on further consideration, that the architectural effect desired 
could be best achieved by the use of exposed-aggregate concrete panels, 
similar to those used by the Navy on the new ship model testing plant 
at Carderock, previously described in this JourNAL.* However, on 
these taller buildings, it was decided to set the panels with a brick back- 
ing instead of using them as face forms for concrete structural walls as 
was done at Carderock. This change was made principally to facilitate 
progress of construction, since using the panels as face forms involved 
delay to install back forms and to pour the backing concrete after setting 
ach course of panels before the next increment in height of the building 
could be undertaken, whereas the brick backing could follow directly 
around with the setting of each panel course. 


A STUDY OF PRECAST CONCRETE 


The principal question raised in connection with the use of the ex- 
posed-aggregate panels was that of durability. The Chief of the Bureau 
of Yards and Docks, Admiral Moreell, directed the writer to make an 
investigation and submit a report. 


Visits were made to numerous buildings with architectural concrete 
exteriors, tests were arranged with the Bureau of Standards, and infor- 
mation obtained from the Portland Cement Association, F. R. Me Millan, 
Director of Research, and C. G. Walker, Secretary of the Cast Stone 
Institute, being particularly helpful. John J. Earley, Past President of 


*’The Navy's New Ship Model Testing Plant,"’ Hugo C, Fischer; ACI Jounnar, Apr. 1939; Proceedings 
V. 35, p. 317, 
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the Institute and originator of this type of architectural concrete facing, 
also contributed extensively of his time and furnished invaluable com- 
ment and information on the design of the panels. The report, in three 
parts, is abstracted as follows: 


Permanent good appearance 


Precast exposed-aggregate panels are nothing more nor less than a 
very high-class concrete with a special face treatment to expose aggre- 
gates selected for appearance. As such it is subject to comparison with 
other architectural concrete, much of which has been unsatisfactory. 
Many architects who employed cast stone some years ago have gone 
back to brick and natural stone because of cracks, discolorations, and 
spalls which occurred in the cast stone of that period. The best such 
concrete has endured in spite of severe exposure. These examples are 
proof that conerete can be made to withstand almost any exposure to 
which an architectural building material might be subjected. 

Underlying causes for disintegration of concrete exposed to weather 
are stresses due to volume changes through variations in temperature 
and moisture and the freezing of water in the pores of pervious concrete. 
The precast panels for the new Naval Medical Center are especially 
designed to meet these stresses as follows: 


(1) They are cast in thin diaphragms (21% in. thick) of limited size 
(few more than 414 x 9 ft.) with free edges. Stresses due to volume 
changes are practically two-dimensional instead of three-dimensional, 
as in heavy monolithic construction. 


(2) They are heavily reinforced with a welded mesh of quarter inch 
diameter steel wires on 4-in. centers each way, this reinforcement being 
made of galvanized wire and dipped i» hot pitch after all forming, cutting, 
and welding is completed. Each welded intersection serves as a nucleus 
around which the mass movement of the concrete is restricted and thus 
prevents an accumulation of stress tending to produce cracks in large 


slabs. 


(3) The mix of the concrete (94 lb. cement, 105 lb. fine aggregate, 
305 lb. coarse aggregate) produces a dense, strong, and low water- 
absorptive product. This concrete averages about 6,500 psi compressive 
strength at 28 days. Tests made by the Bureau of Standards on speci- 
mens of panels used at the Model Basin, Carderock, indicated an average 
water absorption of only 4.7 per cent in five hours boiling. Stresses due 
to shrinkage of concrete in setting are reduced by using a low water- 
cement ratio (5 gal. per bag of cement). 


(4) Cracking of concrete in monolithic buildings is often due to re- 
straint caused by the foundations, the floor and roof systems, the interior 
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walls, and increased stiffness at the corners of walls where the return 
adds to the rigidity. The method of mounting the precast panels as an 
exterior facing, substantially free of the structural elements of the 
building, allows deformations in the frame of the building as a whole to 
take place without bringing undue stresses on the panels, since the 
movement can be taken up in the plastic caulked joints between the 
relatively small sections of facing. 


(5) These panels are manufactured in plants under ideal conditions 
for close control of the product. The specifications set forth the re- 
quirements in great detail, and qualified government inspectors watch 
and check every operation constantly to insure careful compliance. 

Other elements considered on the wearing qualities of precast panels 
were: 

(a) Color permanence. The aggregates exposed on the face of these 
panels are natural quartz, serpentine, and marbles which retain their 
color for ages. 

(b) Discoloration. Any light-colored material will discolor, especially 
in industrial centers where the air is laden with soot, the degree of dirt 
adherence depending on the smoothness and density of the surface. It 
is believed that the exposed-aggregate panels will discolor less and will 
clean more easily than the more porous natural stones, but will discolor 
somewhat more under the same conditions than a polished marble or 
granite. 

(c) Crazing. This was a common defect on cast stone trim which was 
made with a very fine aggregate and float rubbed to imitate natural 
stone. Such rubbing produced a skim coat of mortar which generally 
crazed and sometimes flaked and produced a most unsightly condition. 
On the exposed-aggregate panels the surface mortar is first removed by 
a sanding machine or wire brushes and then further etched off with acid. 


Tests by the Bureau of Standards 


Freezing and thawing tests were made of four prisms (2x2x12 in.) and 
six cores (2-in. diameter and 2 in. high) cut from a section of the precast 
exposed-aggregate panels used at the Naval Model Basin, Carderock. 
The test specimens were first immersed in water at 70° F. for 48 hours 
and then passed through cycles consisting of 18 hours of freezing at 
18 to 24 F. (all specimens being frozen in one-half inch of water) and 
6 hours of thawing in water at approximately 70 F. 

The ten test specimens passed through an average of 307 cycles of 
freezing and thawing before they reached a condition such that the 
value of the panel for facing would be utterly destroyed. The Bureau 
rougly estimated that four cycles of such freezing and thawing tests 
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were about equivalent to an average year’s weathering in this climate, 
although it may be considerably more or less because the conditions of 
the tests in which the specimens were fully saturated are different from 
those occurring on a building where vertical surfaces might rarely be 
exposed to any considerable degree of saturation when freezing occurs. 
On the basis of four cycles being equivalent to a year of weathering, the 
effective life on a building would be about 75 years. While laboratory 
freezing and thawing tests were considered to give the best indications 
now available on the durability of concrete, it is recognized that they 
are far from reproducing the conditions in nature, 

The Bureau of Yards and Docks then arranged with Mr. Earley to 
prepare test specimens representing 17 different mixtures from specifi- 
cations of the Navy Department, which were then given accelerated 
freezing and thawing tests by the Bureau of Standards. 

The specimens consisted of precast slabs 24% x 12 x 20 in. and molded 
bars 2 x 2 x 10 in. Specimens 2 x 2% x 12 in. were cut from the slabs 
for the freezing and thawing tests; the molded tars were tested as 
received; 2-in. cores were cut from the slabs for absorption and com- 
pression tests. The weights per cubic foot were determined from the 
weights of the slabs in air and submerged in water after removal of the 
test specimens. 

One molded bar and one bar cut from a slab of each mix were subjected 
to cycles of freezing at —10 F., starting at the age of 35 days, and thaw- 
ing at 70 F, The modulii of elasticity of the specimens were determined 
by the sonic method prior to the freezing and thawing treatment and 
again after every fifth cycle and the change in modulus reported as the 
percentage decrease from the initial value. The types of mix and results 
are abstracted as follows: 

Mix1. 94 1b. cement, 90 Ib. fine aggreate, and 300 Ib. coarse aggregate 
was in the same proportions as used on the Naval Model Basin. 

Mir 2. Same weights of aggregates, cement reduced to 80 Ib. 

Mir 3. Same weight of cement and coarse aggregate as Mix 1, increas- 
ing the fine aggregate to 115 Ib. 

Mix 4. Same as Mix 1, but further reducing cement to 70 lb. 

Mixes 5, 6, 7, and 8 were the same as 1, 2, 3, and 4 respectively but 
with stearate added. 

The test results indicated that a reduction in cement content also re- 
duced the freezing and thawing resistance, but that an increase in fines 
improved the mix used at Carderock, as Mix 3 showed the greatest 
resistance. The data obtained indicated that the addition of stearate 
was not particularly effective. 
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Mixes 9, 10, and 11 were then made up with the higher proportion of 
fine aggregate, viz. 115 lb., holding the coarse aggregate at 300 lb. and 
varying the cement content, using 70, 80 and 105 lb. respectively. 
Again the mix with the highest cement content had the best freezing and 
thawing resistance, and the two lower cement content mixes showed 
definitely unsatisfactory resistance. 

Miz 12 was then made up as a control mix with 94 lb. of cement, 110 
lb. of fine aggregate, and 300 lb. of coarse aggregate. Mixes 13, 14, 15, 
16, and 17 were the same as No. 12, with the addition of proprietary 
integral waterproofing admixtures. 

Mizes 15 and 16 weighed only 127 lb. per cu. ft. as compared with 140 
lb. for the standard control Mix, 12. (These mixes were all made with 
quartz aggregates throughout, instead of quartz aggregate facing and 
sand and gravel aggregate backing, as in the actual panels, which appar- 
ently accounts for the low unit weight of the control sample.) 

Miz 16 had the strange characteristic of actually showing a continuing 
increase in the modulus of elasticity up to 95 cycles of freezing and 
thawing when the tests were stopped. However, this mix tested only 
slightly more than half the compressive strength of the control sample 
at 28 days. 

Mix 15 also showed a decrease of only 6 per cent in modulus of elas- 
ticity at 95 cycles, whereas the control specimen showed a decrease of 
50 per cent at the end of 30 cycles, and this characteristic of reduction 
in modulus of elasticity by 50 per cent at the end of 10 to 30 cycles was 
also found with all other mixes. However, the compressive strength of 
Mix 15 at 28 days was only three-quarters that of the control sample. 

With the exception of Mixes 15 and 16, which started with a low 
strength, the use of the integral waterproofing admixtures showed no 
improvement in strength, absorption, freezing and thawing resistance or 
any other element indicating improved durability, and consequently no 
waterproofing admixture was used on the panels for the Medical Center. 
It is recognized that the mixture for these panels is a special one, and 
tests on other concrete mixtures and aggregates might produce more 
favorable results with the admixtures tested. 


Inspection of buildings with exposed aggregate panels or other architectural concrete 


Inspection was made of nine structures in the Washington area on 
which exposed-aggregate concrete, as produced by the Earley studio, 
was used, ranging in age from the Meridian Hill Park retaining wall 
built in 1915 to the Normandy Building built in 1938. While some 
minor defects were noted, the work as a whole was in remarkably good 
condition, and all precast work was in excellent condition. 
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The exposed-aggregate work at the Naval Model Basin, Carderock, 
which had then passed through its second winter, was given a particularly 
detailed inspection, and while a considerable number of minor defects 
were listed, the appearance of the buildings as a whole was outstandingly 
good. Most of the defects noted were not observable from a distance of 
50 feet, and the cracks were mainly so small as to be self-healing and in 
no case affecting adversely either the structural strength or functions 
for which the buildings were constructed. These cracks were apparently 
due to three causes: 


(1) Excessive strains in bringing the edges of the large, and in some 
cases complex, sections of panels to the exact line required to meet the 
faces of adjoining panels and, in the earlier stages of the work, a few 
cases in which excessive pressures were developed by pouring the vibrated 
backing concrete too high against these panels as a form. 


(2) The volume changes and cracking of the monolithic structural 
backing concrete to which the panels were firmly bonded. In this con- 
nection it is noteworthy that where joints in successive courses of panels 
were offset as much as 9 in. and the backing concrete developed a con- 
tinuing crack opposite one joint, the strength of the panels was sufficient 
to carry the movement the distance of the offset to the next panel joint 
instead of cracking through the panel directly opposite the crack in the 
backing concrete. 


(3) Strains and warpage due to handling. The panels were manu- 
factured in New Haven, Connecticut, shipped by freight to Bethesda, 
Maryland, and trucked from thence to the site. It is quite possible 
that some of the panels, particularly those of necked-in irregular sections 
or with deep right-angle returns were strained to incipient cracking by 
this extensive handling. 

A number of buildings and structures were also inspected in the 
Chicago area, including the Bahai Temple constructed by Mr. Earley 
from 1932 on. This beautiful building represents the outstanding 
achievement to date in the use of concrete as an architectural material. 
The earlier part of the work had then passed through six winters with- 
out showing any sign of deterioration. Some excellent examples of 
cast stone work were noted at the Soldiers Field Stadium, Portland 
Cement Association Building, and the Bankers Building built in the 
mid-twenties. At the P. C. A. Building slight erosion was noted on 
window sills and water tables and several small rust spots where mois- 
ture had reached reinforcement found to have been placed accidentally 
within less than one-half inch of the face of the stone. Reinforcement 
for the Medical Center panels is zine-coated, pitch-dipped, and kept 
back accurately to a minimum of one inch from the face. 
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Fig. 8B—(a) Casting, finishing and curing exposed aggregate panels (b) final inspection in 
storage yard 
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PRODUCTION OF PANELS 


Work was started on the construction of the buildings at the Medical 
Center in May, 1940, under general contract with John MeShain, Inc., 
Philadelphia. The production of the exposed-aggregate panels was 
undertaken by the Federal Seaboard Terra Cotta Corp. at one of its 
plants in Woodbridge, New Jersey, which had formerly been used in 
the production of architectural terra cotta. This company had no 
previous experience in producing concrete products, but had extensive 
design facilities and a management with wide experience in architectural 
construction. The Bureau of Yards and Docks assigned to the plant a 
competent senior inspector, qualified by experience on the production of 
the panels for Carderock, and two assistant inspectors, to watch and 
check every operation for careful compliance with the requirements, 
The senior inspector rendered material help on the layout of the plant 
and development of, processes, and, last but not least, in the develop- 
ment of the necessary craftsman’s skill in the workers, especially for the 
finishers. 


The plant and its operation 


The plant included a mold shop equipped with standard power wood- 
working equipment, a reinforcing steel fabricating shop including a wide 
bending brake and ‘Taylor Winfield portable electric welder, a dip tank 
and finished cage storage room; a 2-bag mixer plant for the face concrete 
and a 1 cu. yd. per batch plant for the backing concrete, both com- 
pletely equipped for accurate weight proportioning of all elements. 


The casting, finishing, and curing departments were arranged as a 
straight continuation of the mixing plant and served by three lines of 
overhead cranes, extending through the end of the building to the out- 
side storage yard (Fig. Sa and b). An outside overhead bridge crane, 
operating transversely to the three building cranes picked up and loaded 
the panels from the storage yard to cars, 


The schedule required delivery of approximately 400,000 sq. ft. of 
facing in ten months or at the rate of 10,000 sq. ft. for a five-day week. 
The plant was laid out on an anticipated production of 2,000 sq. ft. per 
day, which required that each casting space be used daily. This meant 
that the casts had to be strong enough for removal from the forms in 
16 hours, leaving 8 hours of the 24 for reconstruction of the molds, 
placing reinforcing cages, and pouring the casts to be pulled the follow- 
ing day. 


Curing temperature 


To keep up this rate of progress it was found necessary during the 
winter months to maintain a temperature of not less than 65 F. in the 
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casting and curing section throughout the day and night, and this 
minimum temperature was assured by placing recording thermometers 
in various parts of the plant. The hours required between pouring and 
lifting were found to vary with temperature as follows: 50 F., 20 to 24, 
60 F. 16 to 18, 70 F. 14 to 16, 80 F. 12 to 14. 


Aggregates 


The aggregates used for the facing of all but a relatively small pro- 
portion of colored panels consisted of a mixture of 80 per cent opaque 
and 20 per cent translucent quartz. These were shipped in 100-lb. bags 
from Maryland quarries to the plant in New Jersey, ready crushed and 
sieved to the following gradations: 


Per Cent Retained on Each Sieve 


Fine Aggregate | Coarse Aggregate 


Ps-in. 0 
No. 4 57.50 
No. 8 | 95.0 
No. 16 100 
No. 30 | 1.25 
No. 50 70.00 
No. 109 91.25 

Thru No. 100 8.75 


To produce this gradation required special equipment and recirculation 
through an impactor, breaking the quartz as little as possible on each 
passage to avoid an excessive overproduction of fines to be wasted. The 
fines produced by the original crushing equipment at the quarry had 
an excess of iron, which turned the face to a rusty color, and it was 
necessary to use a magnetic separator until the improved equipment 
was installed. 


The gradation of the backing aggregate averaged slightly coarser; : 
standard, well-graded, washed concrete sand being used for fine aggre- 
gate and a washed gravel for the coarse aggregate, all passing through a 
Y-in. sieve and retained on a No. 16 sieve. 


Reinforcing treatment and fabrication 


As previously stated, all mesh reinforcement was dipped in hot pitch 
after all cutting, forming, and welding of the cages had been completed. 
Experiments were made with various asphalts, asphalt cutbacks, asphalt 
and tar varnishes, coal tar pitches, etc. and it was found that a so-called 
“steep roof” coal tar pitch with a melting point of 160 F. was the most 
satisfactory. The best temperature for this dip was found to be 320 F. 
with the mesh left in the dipping tank from two to three minutes to 
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heat through in order to get a minimum of globules at intersections. 
This coating would harden within two or three minutes after the cage 
was hoisted out of the dip. The dipping tank was 8 ft. wide and 12 ft. 
long and heated with a gun type oil burner with automatic temperature 
control. 85 bbl. or 27,000 lb. of steep roof coal tar pitch were used to 
coat the reinforcement for the 400,000 sq. ft. of panels. 


Molds and casts 


About 500 different shapes of panels are included in the facing for 
the different buildings. Considerable ingenuity was required in the 
design of these molds and high-class joiner work with heavy rigid con- 
struction was necessary to maintain the close dimensional tolerances 
allowed. Some of the more complex molds were made in plaster. 


Skill was also required in fabrication of the wire mesh cages to fit the 
intricate design of some of the molds. Shop order cards were used which 
showed the details of the form on one side and of the corresponding 
reinforcement cage on the other. 


Wooden forms were at first lined with Masonite. However, this 
material could not be obtained in width greater than four feet, and there 
was difficulty in preventing leakage which showed a line on the casting 
where it was necessary to butt the masonite liner, since most of the 
panels are more than four feet in width. Later, a similar material was 
used which could be obtained in widths up to 8 ft., but the latter material 
gave off more color than masonite, and it was found necessary to shellac 
this material before each cast instead of only on first use as was the case 
with Masonite. In any case it was necessary to grease the mold before 
each cast to prevent sticking. A mixture of a pint of motor oil and 6% lb. 
of ground soapstone added to 10 qts. of kerosene was found satisfactory. 


Plaster molds were treated with an application of soap solution (2 Ib. 
of soap dissolved in a gallon of boiling water), and an application of 
aluminum sulfate solution next (11 oz. aluminum sulphate dissolved in 
a gallon of water at 70 F.) to nullify the suction effect of the plaster; 
followed by greasing as for the wooden molds. 


Finishing casts 


As soon as the panels could be safely picked up from the molds, they 
were placed on easels, and the face aggregate was exposed by electric- 
driven disk sanders (Fig. 9).. They were then cleaned with a muriatic 
acid wash, hosed off, and covered with double thicknesses of muslin, 
which was kept wet constantly for five days. Final inspection was 
made in direct daylight and such retouching with light acid done as 
might be required before shipment. Minor damage in transit was 
repaired by expert workmen at the site. 
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Fig. 9—Facings exposed by electric driven disc sanders 


In this connection it should be noted that there is a general tendency 
among workmen to use strong acid, up to 1 part of acid to 3 parts of 
water, to expose the aggregate by chemical action and save work on 
exposure by mechanical means with the sanding machines. This tend- 
ency has to be looked out for, as even if the strong acid is promptly and 
thoroughly hosed off with clean water, there is some deterioration of the 
surface, and the texture is no as good as when all the surface mortar 
has been properly removed by mechanical means and the acid wash 
with a strength of not more than 1 to 5 is used only to clean up the 
surfaces of the mechanically exposed aggregate. Here as in other cases 
there is no satisfactory substitute for “elbow grease’. 


While the specification provided that not more than five gallons of 
water should be used per bag of cement, it was found necessary to use 
about six gallons for the facing mix to insure a satisfactory surface, 
But the quartz mixture bled fast, and by vibration and working with 
trowels about «a half gallon was removed before the drier backing mix 
was placed, 


Colored panels 


Colored panels were used for spandrels of the main building group 
and for trim of entrances at the Nurses’ and Corpsmen’s Quarters. 
These colors were obtained entirely by the use of colored aggregates 
with the exception of the dark spandrels on the Tower of the Main 
building. The aggregates used for the Tower spandrels were the same 
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Virginia serpentine stone as used on the spandrels of the wings. How- 
ever, the fracture surfaces of the crushed stone were, as is general with 
any architectural building stone, of a lighter cast than the polished 
surface of the stone as used in the wings, which was almost black with 
a slight dark green cast. Accordingly, it was found necessary to add 
a small percentage of black iron oxide to the mix for the Tower spandrels 
in order to obtain the desired degree of dark color and still retain the 
dark greenish cast of the serpentine stone. Standard terrazzo aggre- 
gates were used for all other colored panels without the addition of any 
pigment. This, of course, avoids any possibility of pigments fading or, 
if used to any considerable extent, affecting the quality of concrete. 


DESIGN OF PANELS 


The walls of the buildings are of three different types: (1) supported 
on the structural steel framing of the Tower; (2) free standing but 
anchored to the concrete structural frame for the wings of the Main 
building and all other buildings except quarters; (3) wall bearing con- 
struction for the nurses and corpsmen’s quarters, The design and 
mounting of the panels also varied, being of three types as described 
hereinafter, 


Vig. 10 shows the method of mounting the precast panels on the 
spandrel beams of the steel structural framing of the Tower as originally 
proposed, In actual construction it was found simpler to run the rein- 
forcement or setting lugs directly through the 9-in. gaps indicated on 
the drawing to be filled with briekwork, to drill holes for the anchorage 
dowels in the spandrels within the area of these openings, and then fill 
the gaps in the lugs with concrete instead of brick at the time the grout 
filler between the facing of spandrels and the back of the panels was 
poured. This provided a very effective anchorage and avoided the 
difficulty of matching holes for the dowels in the structural concrete 
and panel lugs. Fig. 11 and 12 show the method actually used on the 
‘Tower, 

Vig. 13 shows a typical setting of the precast panels for the walls of 
the wings of the main building, ward buildings, and other three-story 
construction, ‘These walls are free standing and not mounted on the 
structural concrete frame, 


lig. 14 shows the method of securing precast panels to the concrete 
walls of basements previously poured in place, as originally designed. 
Various modifications were used in actual construction, including the 
provision of slotted inserts, but none were entirely satisfactory, The 
insert rods were difficult’ to place, particularly under integral window 
sills, and it was necessary to shore the panels heavily to hold them 
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_ Fig. 14—At left typical wall section at fourth floor set-back of wings, at right, typical 
condition for basement walls as originally designed to secure precast panels to concrete 
walls of basements; modifications were used in actual construction 


against the pressure of the grouting. This grouting had to be done 
very carefully, since there is no direct mechanical tie, and the effective- 
ness depends on complete filling of the space between rods and loops 
with good concrete. This method of construction has been used satis- 
factorily in mounting interior panels of plastic mosaic (as at Carderock), 
but is not considered desirable for exterior panels, which are generally 
much larger and with complicated returns, and where a more effective 
anchorage and seal is required to resist the effeets of weather condi- 
tions, ‘The panels should either have been used as face forms for the 
concrete walls, as at the Naval Model Basin at Carderock, or backed 
with brick or other masonry, as used elsewhere on this project, 


lig. 15 shows plans and sections through the walls of the wings on 
free standing construction, Tig, 16 shows the actual construction on 
walls of the ward buildings which are similar, although with some modi- 
fications, 


lig. 17 shows plans and sections through the walls of the ‘Tower 
which are supported by structural frames, 


It will be noted by the drawings and photographs that the architect 
has a greater freedom in placing joints as desired for architectural effect 
and that the cast panels allow a more nearly integral construction for 
watertightness than is practicable with natural stone, Also, the range 
of colors, by the use of various natural stones and manufactured ceramics 
and glass aggregates is practically unlimited, Vig. 18 of the anchor on 
the west face of the Tower and Vig. 19 of the medicinal plant panels 
over the west entrances of the wings of the main building show possi- 
bilities of ornamentation in this plastic medium at much less cost than 
carving of natural stone, 
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Fig. 18 and 19—Architectural ornamentation in exposed aggregate concrete 


SETTING OF PANELS 


The setting of the panels was done by an organization with extensive 
experience in setting natural stone on high-class building construction, 
Some difficulty was had at first in setting and holding the panels to the 
required degree of alignment, and the stone masons were at first un- 
favorably disposed to the new material. Later with more experience 
and better technique, it is understood these objections were overcome, 
but the fact remains that it is more difficult to set the large panels to 
good alignment than the smaller sections of natural stone for several 
reasons. 


(1) It appears to be impossible to hold the dimensions, angles of 
returns and trueness of faces to the accuracy of well-seasoned and 
carefully machined natural stone. The panels as actually set had 
variations in dimensions and trueness of face of 1% in. (and in some 
cases slightly more), which on close inspection definitely show up on 
this type of work. 


(2) The area of the setting lug is smaller in relation to the face of 
the panel than the relative area of the setting bed of stone. Conse- 
quently, it was at times desirable to stay the upper edge of the panels 
until the brick masons had followed with the backing, and minor move- 
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ments sometimes occur, in cases requiring cutting out the brickwork and 
resetting the panel, 


(3) Large panels, especially if they have deep returns, are more 
difficult to handle without damage, such as chipping edges. Fortunately 
field repairs can be made without showing, if done by qualified experts. 
This involves cutting a cavity similar to a dentist’s preparation of a 
tooth for a filling, wetting the surface well, applying a thin coat of rich 
mortar worked in with a trowel, then filling the area with the exact 
mix used in casting the panel, water-curing properly, and finishing by 
rubbing and acid washing in the same manner as the original surface. 


POINTING OF JOINTS 


All joints were raked or cut out with air tools to a depth of an inch 
and pointed with a plastie caulking compound applied with an air 
pressure gun to insure watertightness. The joints of one course in 
each story of the tower were raked out the full depth of the panels and 
filled with caulking compound to give some freedom of movement to 
the panel system in following any sway of the tower, although very 
litthke movement is expected since the cruciform shape and heavily 
wind-braced design of the steel work should furnish a very rigid frame. 


Caulking compounds 


Since one of the major troubles with any building construction is 
water getting into the walls, an especial effort was made to obtain the 
best caulking compound available. Consultations were had with a 
representative of the Bureau of Standards, the Materials Engineer for 
the Procurement. Division, and representatives of stone contractors for 
several of the finest buildings in Washington, to obtain their recom- 
mendations. They recommended a number of well-known brands of 
caulking compounds, but with the caution that they may be had in 
anywhere from one to four quality grades without very noticeable 
differentiation in labeling identification. 

The Bureau of Standards had just completed extensive investigations 
to determine the lasting qualities of caulking compounds and had _ pre- 
pared a “Suggested Specification for Plastic Caulking Compounds” 
which appeared to be the best guide available. These specifications 
were accordingly incorporated in the specifications for the work at the 
Medical Center. Briefly, they set forth certain requirements and de- 
scribe tests for shrinkage, bond, tenacity, rate of hardening, oil reten- 
tion, and consistency, 


The subcontractor for stone setting submitted samples furnished by 
five well-known producers of caulking compounds. On tests at the 
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Bureau of Standards all of them failed to meet the shrinkage require- 
ment, and two failed to meet the rate of hardening requirement. How- 
ever, one of these brands came very close to the requirements and 
was accordingly approved for use, subject to the actual lots received 
for the work on the job not exceeding the shrinkage of the test sample. 
Actually tests on the various shipments were slightly better and came 
just within the specification. 

The subcontractor for caulking the windows submitted three suc- 
cessive samples made by one producer, each of which showed double 
the allowed percentage of shrinkage. He finally gave up and decided 
to use the brand approved for the stone contractor. 

The subcontractor for the sheet-metal work had been authorized to 
use a caulking compound which was not among the recommended 
well-known brands for filling the inside of expansion joints, without 
submitting samples for test, since the service required was not of much 
importance. He also submitted a sample of a cartridged caulking 
compound of a brand not well known in this locality, for use in caulking 
flashing reglets. The latter is a very important service, and he was 
told that he might as well save the trouble of tests by using the brand 
approved for the panel work. He said, however, that the cartridges 
fitted his guns, and it would be more convenient for him to use the 
brand submitted if it passed the tests. 

Accordingly a sample of the cartridged caulking compound and also 
a representative sample taken from the drum of material authorized 
for the inside of the expansion joints were sent to the Bureau of Stand- 
ards for test. To our astonishment, after the previous difficulties with 
a number of well-known brands, both passed with flying colors, show- 
ing a shrinkage of only two-thirds and rates of hardening of only half 
to three-quarters of the allowed amounts, 


IN CONCLUSION 


It will be noted that extensive investigations and studies were made 
preliminary to the design of the panels and that every element of the 
work from the production of the panels at the plant, through handling 
and setting, to the final caulking of the joints, was carefully supervised and 
inspected. However, the work in place is far from perfect in detail. 
On close inspection, there is apparent some variation in surface texture 
and color, some misalignment of panels shows up particularly when 
the sun is nearly parallel to the surface, and some repair work is visible 
especially when the surfaces are wet. 


The point to be emphasized at all times is that the production of 


architectural concrete is an art as well as a scientific process and that 
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a high degree of skilled and conscientious craftsmanship is essential to 
every operation. These craftsmen are not developed overnight. 

Another factor is time. As the poet said, ‘‘Art is long”? but in modern 
building construction the contractor is constantly under pressure to 
get the building closed in so that other work can proceed, and the archi- 
tect or engineer is under pressure to accept sub-standard work to get the 
building ready for service. The moral is that the producer’s plant should 
have a normal capacity of at least double the weekly output called for 
by the setting schedules, particularly as, at least in the earlier stages, 
a considerable proportion of the panels are not economically produced 
in the sequence called for by the erector. 

Despite the difficulties and defects in detail above mentioned, the 
work as a whole at the Medical Center is considered very satisfactory. 
The design of the panels carries out the architectural conception in 
excellent manner. The surface has light and color and a distinctive 
character of its own which is not an imitation of any natural stone. 
The effect as a whole can best be appreciated by an actual visit, which 
Institute members are cordially invited to make. 


Discussion of this paper should reach the ACI Secretary in triplicate 
by June 1, 1942, for ong oe in the JOURNAL Supplement, 
concluding Proceedings V. 38. 
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The following proposed specification for cast stone is intended to 
supercede the specification tentatively adopted by the American Con- 
crete Institute in February, 1929 (P38-A-29T) and which has since been 
generally recognized and used commercially as a standard for the physical 
quality of east stone. The principal changes which have been made are 
an increase in compressive strength requirements from 5,000° psi. to 
6,500 psi. and a reduction in permissible absorption for 7 per cent to 
6 per cent. The absorption period has been increased from 24 to 48 


hours, and the lower limit of 8 per cent on absorption has been eliminated, 


1, GENERAL 


1. The term “east stone’ shall be understood to mean a building 
tone manufactured from portland cement concrete, precast and set in 
place as trim or facing on or in buildings and other structures 

2. ‘The minimum compressive strength of cast stone when delivered 
to the building site shall be 6,500 psi when tested as 2 by 2-1n cylinders 
or 2 by 2-in. cubes in the manner hereinafter specified 

3. ‘The average water absorption of cast stone when delivered to the 
building site shall be not more than 6 per cent by dry weight of the 
specimens when tested as 2 by 2-in, cylinders or 2 by 2-in, cubes in the 
manner herematter specified, 

1. All aggregate used in the manufacture of east stone shall be of 
known durable quality 


*Itelensed by the Standardea Committee for publiontion and ci 


Cussion as approved by all member of 
Committee 704 


(3134) 
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ll. SELECTION OF SPECIMENS FOR TESTING 


5. Specimens for both compression and absorption tests shall be cut 
from stone as delivered to the job or from regular stock in the yard. 
Samples from which specimens will be cut shall be selected by the pur- 
chaser or his representative. 

6. Specimens of faced cast stone for compression tests shall be cut 
in such a manner that the specimens are composed of approximately 
one-half of facing and one-half of backing material. Specimens shall be 
tested in the position in which the cast stone is laid in the wall. 


Ill. METHODS OF TESTING 


7. Not less than 3 and preferably 5 specimens shall. be required for 
cach test. 
8. Specimens for absorption test shall be dried at a temperature 
between 215 and 225 F. until the loss in weight is not more than 0.1 
per cent in 24 hours of drying. They shall be allowed to cool to room 
temperature, weighted and then submerged in water at a temperature 
between 60 and 80 F. for 48 hours. The specimens shall then be removed 
from the water, the surface water wiped off with a damp cloth and the 
specimens weighed. The percentage of absorption is the difference in 
weight divided by the dry weight of the specimen and multiplied by 100. 

9. Specimens for strength test shall be dried at a temperature between 
215 and 225 F. until the loss in weight is not more than 0.1 per cent in 
24 hours of drying. 

10. If bearing surfaces of specimens for strength tests are not smooth, 
they shall be made so by grinding. If they cannot be ground to a smooth 
surface they shall be capped with a mixture of 4% part portland cement 
and 4 part plaster of paris, which shall be allowed to harden at least 
5 hours before the test. The cap shall be formed by spreading the 
‘apping material upon a plate glass and pressing the specimen firmly on 
it making the cap as thin as possible. On specimens that are to be capped, 
all surfaces which are likely to come into contact with the capping 
material shall be shellacked and then allowed to dry before the capping 
is applied. 

11. Load shall be applied through a spherical bearing block placed 
on top of the specimen in a vertical testing machine. The dimensions 
of the bearing block shall be the same, or slightly larger, than those of 
the test specimen. 


12. Load shall be applied uniformly and without shock. The speed 
of the moving head of the machine shall be not more than .05 in. per 
min. when the machine is running idle. 














PROPOSED SPECIFICATION FOR CAST STONE 315 


13. Specimens shall be loaded to failure and the unit compressive 
strength calculated in pounds per square inch. The type of failure and 
appearance of specimen shall be noted. 


Discussion of this +~ should reach the AC I Secretary in triplicate 
by June 1, 1942, for publication in the JOURNAL Supplement, 
concluding Proceedings V. 38. 
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CONVENTION DISCUSSION BY C. G. WALKER, CHAIRMAN COMMITTEE 704, 
SUPPLEMENTING THE PROPOSED SPECIFICATIONT 


TESTS OF INTEGRAL AND SURFACE WATERPROOFINGS 


In connection with the proposed specification requirement that the 
48-hour absorption of cast stone when delivered to the building site 
shall not be more than 6 per cent, I should like to present some results 
from tests on the use of integral and surface waterproofings as a means 
of reducing absorption. In spite of the volumes of written and spoken 
discussion during the past 20 years on the subject of waterproofings, 
there still seems to be about as much disagreement as ever and there 
are still few unprejudiced laboratory data on the effectiveness of water- 
proofing in keeping moisture out of concrete. 

In order that you may understand why the Cast Stone Institute, 
which I represent, is so concerned with the matter of absorption, I 
would like to remind you that cast stone is primarily a decorative mate- 
rial. It must have and must retain a pleasing appearance in order to be 
satisfactory. In other words, its face is its fortune. Its face must not 
become rough or discolored with age. It must retain its good looks 
throughout the life of the structure of which it is a part. The surface of 
an inferior, highly absorptive cast stone becomes etched and pocked 
by the dissolving or leeching out of part of the cementing material 
between the aggregate particles. The freezing of water absorbed into 
the surface of inferior cast stone and the alternate expansion and con- 
traction due to the absorption and loss of moisture cause minute cracks 
to be formed which first appear as tiny wrinkles but which eventually 
develop into serious disfigurement. Collectively, these factors produce 
what is known as weathering. 

*ACI Journat, Feb. 1942; Proceedings V. 38, p. 313. 


_ TPublished in advance of the announced schedule to be considered with the “Proposed Specification for 
Cast Stone’’ for the discusson of which the closure date has been postponed to July 15. 
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Most cast stone manufacturers are agreed that erosion and other 
weathering effects of moisture penetration into the surface of cast stone 
are responsible for some of the most serious criticism that they en- 
counter. It was as a means of obtaining some unprejudiced information 
on the possible effectiveness of various waterproofings in preserving the 
good appearance of cast stone that the Cast Stone Institute began a 
series of laboratory tests in 1938, using facilities generously provided by 
the Research Laboratory of the Portland Cement Association. 

Two-inch molded cubes in sets of three were used as the principal 
test specimens. They were made with a representative cast stone 
mix-——1 part of cement to 3% parts of dry marble aggregate by weight 
with 634 gal. of mixing water per sack of cement. The aggregate was 
uniformly graded with about 4 per cent retained on the No. 4 sieve 
and about 4 per cent passing the No. 100 sieve. At 28 days of age, the 
compressive strength of three unwaterproofed specimens averaged 5,890 
psi and the absorption was 7.5 per cent. Specimens were cured 5 days 
in a fog room after which the specimens to which surface waterproofing 
was applied were allowed to dry in the air of the laboratory for 5 day 
before being treated. Twenty-eight types or conditions of waterproofing 
were covered. Integral waterproofings were all of the water repellant 
type. Seven were paste or liquid and eight were powder. The powdered 
waterproofings were ground into the cement by mortar and pestle before 
it was mixed with the aggregate. Surface waterproofings were of the 
colorless type. They were applied in two coats about 4 hours apart. 


At the age of 11 days, all specimens were placed outdoors where 
they were continuously under exposure to the weather during the time 
between tests. At 73 days of age and at variable intervals thereafter 
the specimens were tested for absorption under the standard procedure 
for making absorption tests, determinations being made on absorption 
after immersion for periods of 1, 3, 6, 24 and 48 hours and after boiling 
for 5 hours. This method of testing the effectiveness of waterproofings 
was used because in cast stone we are concerned primarily with absorp- 
tion through capillary attraction. We do not have to worry much about 
permeability. Any cast stone that is worthy of the name is impermeable, 
although it must be admitted that once in a while we run across examples 
of so-called cast stone through which water can literally be poured. It 
is also because we are concerned with absorption through capillary 
attraction that our tests were made chiefly with waterproofings of the 
water repellant type rather than of the pore-filling or surface hardening 
type. 

For the benefit of those who are interested in making their own in- 
terpretations of test data, some of the results from these tests have been 
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made available together with information on the waterproofing materials. 
(Tables A and B). One of the most noticeable things about these results 
is the relatively high absorption shown in the first test and the marked 
decrease as shown in successive tests. The reduction comes, of course, 
from the curing that normally accompanies aging, accelerated in this 
case by the repeated soaking and boiling to which the specimens were 
subjected. Some specimens show a smaller decrease in absorption 
than others and a few show an increase because the improvement due 
to age and curing was offset by loss of effectiveness in the waterproofing. 
It, is customary, of course, to expect and even to count upon an improve- 
ment of concrete with age. However, in the case of cast stone there is 
plenty of reason to believe that under ordinary conditions actual or at 
least incipient damage to appearance takes place long before the mate- 
rial’s potential resistance to weathering has had time to develop. If 
that is so, then it is clear that some sort of treatment which will give 
at least temporary protection to the surface of newly erected cast stone 
is essential for satisfactory results. 


Another very noticeable point is that very few of the waterproofings 
used in these tests were capable of reducing 48-hour absorption to 
6 per cent. However, this should be considered in the light of the amount 
of mixing water used, which was 634 gal. per sack of cement. Supple- 
mentary laboratory tests show very definitely that integral waterproofing 
is considerably more effective in mixes of lower water-cement ratios and 
that a 48-hour absorption of 6 per cent or even less is readily obtainable 
through simple adjustments of the mix. Tests on commercial cast 
stones substantiate this. In view of this and of the outstanding results 
produced by a few of the waterproofings in this test, even in a 634 gal. 
mix, we of the Cast Stone Institute believe that the proposed limitation 
on absorption is commercially practicable. We believe also that the 
possibility and practicability of making cast stone with much less than 
the present limitation of 7 per cent on absorption is to be regarded as 
an improvement in the art and that it should be incorporated in the 


standard of quality for cast stone. 


Still another point worth noting in these results is the effect of different 
waterproofings on rate of absorption. Several of the materials which 
did not show up well under 48 hours of immersion or under boiling did 
au very efficient job of keeping the water out for several hours, Consid- 
ering their probable effectiveness under conditions of ordinary use and 
exposure, many of the materials included in these tests would undoubtedly 
be more beneficial than is indicated by the results under the standard 


procedure of making absorption tests. In connection with this matter 
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TABLE A—ABSORPTION TESTS WITH INTEGRAL WATERPROOFINGS 


(Tests were also made at 166, 


Ref. 
No. 


B 


Age 
at test; 
days 


73 
371 
1170 


73 
371 
1170 
73 
371 
1170 


73 
371 
1170 


73 
371 
1170 


Results are from tests repeated on same specimens at ages shown. 


Absorption for period indicated 
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8.48 
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13.65 
12.58 
11.60 
8.68 
8.27 
8.47 
6 


‘ 
‘ 
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A 
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8.31 
8.08 
8.09 


8.36 
8.46 
8.05 


7.61 
7.10 
8.00 


8.71 
8.55 
8.08 


10.51 
10.87 
10.65 


13.09 
11.05 
10.92 
f.75 
6.0] 

6.07 


Waterproofing 
% by wt. of cement 


None 


M% ealeium 
stenrate; 


Brand “A” 


16% ealeium 
stearate; 


Brand “A” 


1% calcium 
ftlum, stearate; 


Brand “A” 


oY calcium 
stearate; 


Brand “B” 


4% calcium 
stearate; 


Brand “C” 


16% ealeium 
stearate; 


Brand “C” 


1,Y aluminum 


stearate; 


Brand “C” 


1% ammonium 
stearate; 


Brand “B” 


O07 , , 
« Jo Vinton 


stearate; 


Brand “B” 


1% trimethyla 
mine stearute; 


Brand “TD” 


2% trimethyla 


mine stearate; 


Brand “DPD” 


1% butyl 
stenrate emul 


Brand “D” 


2% butyl 
stearate emul 
Brand “D” 








PROPOSED SPECIFICATION FOR CAST STONE 316-5 


TABLE B—ABSORPTION TESTS WITH SURFACE WATERPROOFINGS 


Results are from tests repeated on same specimens at ages as shown. 
(Tests were also made at 166, 257 and 809 days of age.) All values are the average of at least three speci- 
mens, Surface waterproofings used in these tests included nine proprietary materials and laboratory 
preparations as follows: potassium silicate mixture; aroclor in toluol, paraffin in carbon tetrachloride, 
Mag-Zin fluosilicate mixture; butyl stearate, soya bean oil in turpentine, 


Age at Absorption for period indicated— per cent 
Ref, No. test; 

days 1 Hr. 3 Hr. 6Hr. 24 Hr. 48 Hr, Boil 
Unwater- 73 5.78 6.80 6.91 7.08 7.16 8.02 
proofed 371 2.25 3.08 3.86 6.03 6.60 7.39 
1170 1.59 1.90 2.20 3.60 5.05 7.38 
AA 73 5.56 6.98 7.06 7.20 7.26 8.01 
371 Lida 2.20 2.60 1.37 5.78 7.56 
1170 1.58 1.77 1.97 3.08 1.44 7.49 
BB 73 6.52 7.06 7.12 7.27 7.34 8.03 
371 2.21 3.07 3.95 7Al 6.91 7.46 
1170 1.66 2.00 2.32 3.92 5.50 7.30 
oC 73 5.68 7.08 7.16 7.34 7.39 7.84 
371 2.56 3.55 1.75 5.82 7.07 7.54 
1170 1.62 1.99 2.37 4.18 5.93 7.39 
DD 73 3.99 6.85 7.06 7.29 7.34 7.96 
371 2.44 3.59 1.74 6.65 6.04 7.66 
1170 LSI 2.20) 2.00 1.53 6.08 7.57 
LD 73 40 4 86 1.75 2.53 7.34 
371 1.37 1.63 1.85 2.88 3.65 8,20 
1170 1.54 1.85 2.14 3.83 6.91 7.05 
rr 73 6.435 Ae 7.22 7.39 7.47 8.27 
371 3.20 4.87 6.21 7.22 7.30 7.97 
1170 1.70 2.01 2.37 1.14 5.83 7.32 
GG 73 22 Al 4 1.75 2.94 7.85 
371 1.33 2.23 3.08 6.64 7.33 
1170 1.60 2.09 2.57 5.10 5.96 6.93 
HH 73 6.17 6.70 6.75 6.93 7.00 7.68 
371 3.81 f.SS 6.61 O87 6.93 7.55 
1170 1.83 2.43 2.06 1.46 5.46 7.30 
lI 73 1.64 2.41 3.48 6.22 6.78 7.74 
37 1.33 1.49 1.04 2.29 249 7.91 
1170 1.26 1.43 1.64 2.60 4.73 7.01 
IJ 73 1.04 6.74 7.06 7.28 7.36 7.70 
371 2.24 3.79 5 AT 7.15 7.22 7.51 
1170 1.51 1.83 2.15 3.59 §.12 7.35 
KK 73 1.76 6.95 7.12 7.31 7.36 8.03 
71 1.69 2.20 2.69 1.66 5.91 7.57 
1170 1.27 1.49 1.68 2.76 4.12 7.70 
LI 7 15 23 34 4 7 2.75 
71 26 7) 36 6 8) 1.06 
1170 16 53 0 4 1.38 6.24 
MM 73 5.79 6.99 7.15 7.19 7.39 7.85 
371 2.69 4.27 76 7.00 7.08 7.47 
1170 1.4 1.91 2,27 3.06 5.77 7.04 
NN 73 3A 50 O5 1.16 1.64 8.66 
371 bab] 1.24 1.40 2.13 2.83 8.11 
1170 1.59 1.03 2.16 3.27 1.20 7.00 
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of rate of absorption, the suggestion has been made that a requirement 
on rate of absorption be incorporated into the proposed specification 
It seems entirely logical that the speed with which moisture can pene- 
trate cast stone is as important as the amount that can ultimately get 
in and I personally would be in favor of a provision on rate of absorption 


There is another point which needs to be kept in mind in the use of 
integral waterproofings in concrete. A great many people in the concrete 
field appear to have an idea that waterproofing aids curing by keeping 
concrete from drying out as fast as it would otherwise. No evidence 
supporting such a belief was found in these tests. During the five days 
of drying in the air of the laboratory the average loss of moisture in 
54 cubes containing no waterproofing was 4.24 per cent of the original 
weight, the lowest being 3.28 per cent and the highest 4.98 per cent 
The loss of moisture in thirteen different groups of integrally water 
proofed specimens ranged from 3.62 per cent to 5.75 per cent. Instead 
of being an aid to curing, a really effective waterproofing may in fact 
be a decided hindrance by preventing the entrance of moisture to re 
place that which is lost through evaporation. For that reason, it would 
seem highly advisable that waterproofed concrete should be kept con- 
tinuously and completely moist until it has developed the desired phys 
ical quality. Intermittent spraying will not restore the moisture lost 
by evaporation between sprayings. 


A comparison of the results from these tests indicates that from the 
standpoint of keeping water out of concrete, the integral waterproofings 
as a group were more effective than the surface waterproofings as a 
group, There were, of course, exceptions in both groups However, 
it should be mentioned that the specimens which showed the least effect 
of weathering were among those treated with surface waterproofing 
On the whole, the specimens showing the lowest absorptions were the 
least darkened by exposure and they were markedly faster in drying 
out after being wet None of the waterproofings affected the color of 
the specimens but some of the integral waterproofings had a marked 
aerating effect on the conerete and produced a cellular structure in the 
specimens which caused the surface to cateh and hold dirt) noticeably 


more than others, 


In general, it must be admitted that results from these tests confirm 
the conclusions reached by other investigators; namely, that the per 
formance of all too many of the so-called waterproofings does not come 
up to the claims made for them, At the same time, it is clearly indicated 


that by the careful selection and proper use of either an integral or sur 
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face waterproofing, moisture penetration through capillary attraction 
can be greatly reduced, That is the point which we are concerned with 


in considering a specification requirement on the absorption of cast stone 
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Concluding Discussion of report of Committee 704: 


Proposed 
Specification for Cast Stone* 


DISCUSSION BY JOHN TUCKER, JR., A. E. HORN, 
C. G. WALKER, Chairman 


By JOHN TUCKER, Jr.t 


Mr. Walker presents absorption data which are of considerable interest. 
It cannot be emphasized too strongly that the integral “waterproofings”’ 
in his tests are of a wide range of effectiveness. The term “‘waterproof- 
ing’ in these tests is misleading, water repellancy being the property 
measured. Although all of the ‘‘waterproofings’” were effective in the 
1 hr. tests, only 4 of the 13 were markedly effective in the 48 hr. test, and 
only two (L_ & M) reduced the absorption upon boiling the specimen. 


The absorption characteristics of a Cast Stone are of no direct interest, 
but are of importance in their indication of other importance character- 
istics of the stone. The absorption characteristics are related, sometimes 
more vaguely than desirable, to desirable properties of the stone, such as 
relative freedom from soiling and from crazing, and of the durability of 
the stone when it is exposed to the action of the weather. We should 
also note that maintenance of appearance (non soiling) is as yet not con- 
nected with resistance to weathering. For example, a material such as 
some marbles will “sand” slowly, and will present a continued clean 
surface, yet the material is surely weathering. 

Mr. Walker has not brought out in detail to what extent the several 
integral “‘waterproofings’”’ improved the stone in these three categories 
and it is suggested that he do so. 


Mr. Walker has informed me orally that emulsified buytl stearate as 
admix maintained the cast stone in a very clean condition, and free 
from crazing, and that resistance to freezing and thawing was also greatly 


*ACI Journat, Feb. 1942; Proceedings V. 38, p. 313, and discussion Apr. 1942, p. 316 - 1. 
tNational Bureau of Standards, Washington, D. C. 
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increased. We doubt whether most of the other integral ‘‘waterproofing”’ 
were in any way as effective. The action of the butyl stearate was so 
excellent that consideration should be given to making its use mandatory. 

The proposed specification stipulates a maximum absorption of 6 per 
cent (48 hr.). Because of the wide variation in the 48 hr. absorption of 
the various mixes, untreated, which would be encountered in commercial 
cast stone, a fact recognized by Mr. Walker, many samples would have 
absorptions less than 6 per cent. The indications are however, that the 
improved characteristics of the cast stone samples, was due not to the 
low absorptions themselves, but some property injected into the material 
by the use of the integral ‘“‘waterproofing.”’ Since the most effective 
material resulted in a 48 hr. absorption of less than 2 per cent, a limit of 
6 per cent on the absorption appears too high and the specification should 
require that the absorption be well under that figure. 

The ratio of the amount of water absorbed by a specimen in a short 
time, compared to the amount absorbed by boiling (the Kriiger or Schu- 
recht Ratio) or the saturation coefficient, as determined by Stull and 
Johnson, N.B.S. Research Paper 1349, are the best measures of the 
resistance of building materials to destructive weathering. Such a cri- 
terion is incorporated in the Federal Specification for Cast Stone, and 
should, we believe, be incorporated in the ACI specification. 

In closing, we would congratulate Mr. Walker on his efforts in develop- 
ing the specification. 

By A. E. HORN* 

The tests on integral waterproofings are specific for materials indi- 
vated, but are by no means comparable. 

In the series of tests running from X co M the percentages run the 
gamut of ammonium stearate, having an anhydrous ammonium stearate 
content of 13 per cent, to aluminum stearate of 100 per cent anhydrous 
aluminum stearate content and butyl stearate of a probable 50 per cent 
anhydrous content. 


The probable value lies in the stearate radicle 


Calcium stearate contains 93.2 per cent stearate 
Aluminum stearate contains 96.8 per cent stearate 
Ammonium stearate contains 94.6 per cent stearate 
Butyl stearate contains 83.1 per cent stearate 


as well as the ready miscibility of these stearates with the distributing 
agency, i. e. the water. 

For this purpose the selection of the cheapest soluble or miscible stear- 
ates is desirable. To use 2 per cent of butyl stearate emulsion, which 


*A.C. Horn Co., Long Island City, N. Y. 
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probably contains 50 per cent of water, means that 1 per cent of butyl 
stearate was used which contained 0.831 lb. of stearic acid. To use 1 per 
cent ammonium stearate, which contains 87 per cent water, means that 
0.13 of 1 per cent of ammonium stearate was used—less than the actual 
butyl stearate used and compared to the stearic acid content only 0.124 
of 1 per cent was utilized. 

To make the tests equivalent, approximately seven times the amount 
of ammonium stearate should have been used, or 1/7th as much of butyl 
stearate. 

The ready miscibility and distribution of the compounds should like- 
wise be considered. Ammonium stearate is the only stearate soluble in 
water, whereas the others—with the exception of butyl stearate—are with 
difficulty miscible with water. 


CLOSURE BY C. G. WALKER, Chairman Committee 704 


In his discussion of the proposed specification for cast stone, Mr. 
Tucker suggests that the limit on the 48-hour absorption might well be 
set lower than 6 per cent. While data submitted in connection with the 
report of Committee 704 show that 48-hour absorptions of considerably 
less than 6 per cent are obtainable, it is questionable whether that 
warrants the arbitrary establishment of a lower limit at this time. This 
is especially true if we consider that the purpose of the proposed specifica- 
tion is not so much to set up requirements insuring the ultimate of physi- 
cal quality in cast stone as to provide a yardstick of commercial quality 
for the guidance of users. With that in mind, it is to be hoped that the 
proposed specification can be adopted as an Institute standard at its 
next convention. 
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Good Practice in Concrete Masonry Wall Construction* 
BY KENNETH C. TIPPYt 


SYNOPSIS 


The author discusses some of the less understood but important 
details of concrete masonry wall construction details which represent 
the difference between ordinary and good construction——strong, dur- 
able and watertight; the need for preshrinkage of moisture-laden 
masonry units before laying in a wall; the use of the proper mortar; 
adequate footings and foundations; use of proper lintels and _ sills; 
partitions tied to exterior walls; expansion and contraction joint; pre- 


cautions with parapet and flashings and with drains and waterproofing 
practice, 


The purpose of this paper is to discuss some of the less understood 
but nevertheless important details which make the difference between 
ordinary and good construction with concrete masonry. General de- 
tails are available in several publications issued by the National Con- 
crete) Masonry Association and the Portland Cement Association, 
Moreover, they are widely accepted as standard practice in the con- 
struction industry. There are, however, certain details which, if not 
properly handled, may lead to unsatisfactory results and it is these that 
will receive attention herein, 


The main problem in concrete masonry construction is to build strong, 
durable, watertight walls. ‘That concrete masonry is an excellent build- 
ing material is evidenced by the many satisfactory buildings which 
have been built with conerete units as the sole or principal structural 
wall material, In the main these buildings have not cracked or leaked, 
or such failures as have occurred have been of a limited nature, A few 
buildings have cracked or permitted leakage. Such failures as we have 
investigated, however, have indicated sub-standard masonry units, 
poor workmanship or faulty design, No building material available 
today is proof against these faults. 


*Keceived by the Inatitute Jan, 7, 142 
{Cement Productea Bureau, Portland Cement Assn,, Chicago 
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REDUCING WALL SHRINKAGE 


All manufactured masonry materials shrink during the process” of 
manufacture: clay products while in the drying room and in the kiln; 
concrete products during the curing and drying out period. This shrink- 
age is a definite part of the manufacturing process and neither material 
should be considered a finished product until a large part of this shrink- 
age has taken place. Concrete masonry units laid in a wall in a green 
or wet. state will later dry out and the resulting shrinkage is frequently 
sufficient to cause cracking. 

Studies made in the Portland Cement Association laboratories and 
reported by the Institute* showed that the moisture content of concrete 
masonry units at the time they are laid in the wall has an important 
bearing on the extent of shrinkage. These studies included tests of 24 
panels of concrete masonry units made with three different aggregates. 
The following example is typical of the panels tested: 

Panels erected with saturated two day old units containing 19.3 
per cent moisture by weight contracted .54 in. per 100 ft. in 45 days. 
Further shrinkage due to the heating of the building in which the panels 
were housed resulted in a total shrinkage at 150 days of about .67 in. 
per 100 ft. 

Panels erected with seven day old units containing 7.3 per cent mois- 
ture contracted about .35 in. per 100 ft. in 30 days. Total contraction 
after the building was heated was about .50 in. at 150 days. 

28 day old units when erected in panels contained 4.9 per cent mois- 
ture. Total shrinkage for 150 days was 0.35 in. per 100 ft. 

Panels erected with 90 day old units containing 2.8 per cent mois- 
ture expanded slightly during the first two days before contraction 
started. Total shrinkage was about 0.17 in. per 100 ft. 

These studies showed that air drying of the units for 5 days reduced 
the shrinkage for the 150 day period to about 75 per cent of that ob- 
tained with saturated units. Similarly, 26 days of air drying reduced 
the shrinkage to about half that obtained with saturated units. Eighty- 
eight days of air drying reduced the shrinkage to about 26 per cent of 
that of the saturated units. 

Present Federal and A. 8. T. M. Specifications limit the moisture 
content of concrete masonry units at the time of delivery to the job 
to 40 per cent of the total possible absorption and this figure is generally 
accepted by others. This is something more than twice as much mois- 
ture as is contained in fully air-dry units. Tests on forced air drying 
of concrete masonry units conducted by the Portland Cement Associa- 
tion have shown that these units are in a fully air-dry condition when 


*Some Tests of Concrete Masonry Units Cured with High Pressure Steam,"’ P. M. Woodworth; ACI 
Journat, Feb., 1930; Proceedings V. 26, p. 504. 
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they contain from 15 to 25 per cent of their total absorption and that 
when they are dried further than this they take up moisture from the air. 

From these data it is evident that concrete masonry units should 
be in as near an air-dry condition as possible prior to being used. Cer- 
tainly they should never have more than 40 per cent moisture. Unfor- 
tunately, however, too many products manufacturers send out green, 
uncured or wet units and trouble frequently results. 

In general concrete masonry units should be at least 28 days old 
before being placed in the wall. After the wet curing period they should 
be stockpiled so that the effect of wind, rain and sun can be regulated 
as required. Responsibility does not cease with the delivery of the 
block. They should be stacked on the job free from contact with the 
ground and should be covered with a tarpaulin or building paper to 
keep off the rain. The masons should cover the top of the unfinished 
wall with waterproof paper upon leaving the job at night or when it 
rains. These precautions will pay good dividends. 


MORTAR FOR CONCRETE MASONRY 


There are several types of mortar, containing portland cement, avail- 
able for masonry wall construction. Some of these are factory mixed 
and consist of a mixture of portland cement, hydrated lime and water- 
proofing compounds. The proportions of these ingredients vary with 
the manufacturer but usually approximately equal volumes of portland 
cement and lime are used. Job mixed mortars are also used to a con- 
siderable extent. The proportions of portland cement, lime and sand 
for job mixed mortars are commonly 1:0:.25:3; 1:1:6; 1:2:9. The lime 
may be hydrated lime, hydrated lime putty or slaked lime putty. 

The recommendations of the Portland Cement Association for mor- 
tars for masonry walls are as follows: 

1. For severe exposure; below-grade construction; tornado, hurricane or earthquake 
regions; cold weather construction; or where higher than normal building code stresses 
are used: One volume of portland cement and not more than three volumes damp, 
loose mortar sand to which approved amounts of plasticizing agents may be added. 

2. For all exterior walls, fire walls, party walls and chimneys, and for walls of hollow 
masonry units other than provided for in Section 1: Mortar specified in Section 1; or, 
one volume of portland cement, not more than one volume of lime putty or hydrated 
lime, and damp, loose mortar sand equal to not more than three times the combined 
volumes of cement and lime; or, one volume of masonry cement meeting the require- 
ments for Type II of Federal Master Specifications SS-C-18lb., and not more than 
three volumes of damp, loose mortar sand. 

Durability and resistance to frost action has been recognized in standard specifica- 
tions as one of the important properties of a masonry unit. Similarly, the mortars 
which may comprise 25 per cent by volume of the masonry unit in the wall and 20 per 
cent of the exposed surface should have adequate frost resistance. The mortars recom- 
mended will have greater frost resistance than mortars leaner in portland cement 
content. 
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These recommendations for mortar mixes are based on the use of a 
well graded mortar sand with the requirement that 95 to 100 per cent 
pass a No. 8 sieve, 35 to 70 per cent pass a No. 30 sieve, 15 to 35 per 
cent pass a No. 50 sieve and 0 to 15 per cent pass the No. 100 sieve. 
Furthermore, the sand should be so graded that the proportion finer 
than a No. 16 sieve and coarser than a No. 30 sieve or that finer than a 
No. 30 sieve and coarser than a No. 50 sieve does not exceed 50 per cent. 
The use of very fine mortar sands will result in weaker mortars because 
of higher water requirements for a satisfactory plasticity. Use of richer 
mixes to overcome deficiency in sand grading and to meet strength 
requirements is not desirable due to increase in volume change of the 
mortar. 


FOOTINGS AND FOUNDATIONS 


Adequate footings and foundations are an essential requirement for 
any masonry wall construction. The size of footing depends upon the 
load to be carried and the safe bearing value of the soil. Where footings 
are supported on soil, some settlement always occurs and it is impor- 
tant so to proportion the widths of such footings that this settlement 
will be uniform. Too often, particularly in residential construction, all 
footings are made the same width regardless of the load to be carried. 
The fact that interior load-bearing partitions may carry up to twice 
the load of exterior wall footings is often overlooked. 


SILLS AND LINTELS 


Reinforced concrete lintels for windows and doors should be well 
bonded into the masonry on either side of the opening. They should 
have a bearing of at least 8 in. and the bearing should be increased for 
lintels of long span or exceptionally heavy loads. Possibly a good rule 
would be to provide a bearing length equal to the depth of the lintel. 
Provision of suitable bearings for lintels helps to prevent cracking at 
the corners of such openings. 

Lintels may be made in one piece or they may be made in two pieces, 
the latter type being known as a split lintel. The reasons for making 
split lintels are two-fold—they are lighter and therefore easier to handle 
and the air space between affords insulation which is desirable especially 
if furring is not provided, Split lintels are quite satisfactory and are 
even desirable when they support wall loads only. However, when 
joists or beams bear on the lintel, it should be made in one piece because 
it is practically impossible to design the inner section of a split lintel, 
carrying both wall and floor loads, to have the same deflection as the 
outer section which carries wall load only. Differences in deflection 
of the two pieces would probably result in cracks in the masonry wall 
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above. Lintels more than 8 ft. long should be checked for deflection 
and when necessary the depth of the lintel should be increased. 

There are two general types of sills in common use—the slip sill and 
the lug sill. Both types are sloped on the top face to drain water away 
quickly. They should project at least 114% in. beyond wall face and be 
provided with a groove along the lower outer edge to provide a drip. 

Slip sills are popular because they can be inserted after the wall proper 
has been built and therefore require no protection during construction. 
Since there is an exposed joint at each end of the sill, special care should 
be taken to fill it completely with mortar, packing the joints tight. 

Lug sills are so called because the ends project into the masonry 
wall. There are no vertical joints at the juncture of the sills and jambs 
which is one of the advantages of the lug sill over the slip sill, Fre- 
quently they are made with washes at either end to divert water away 
from the jambs and this is a desirable feature. 

At the time lug sills are set, only the portion projecting into the wall 
is bedded in mortar, The portion immediately below the wall opening is 
left free of contact with the wall below. This is done so that in case 
there is a minor settlement or adjustment in the masonry work during 
construction, the sill will be freer to adapt itself to such minor wall 
movements, thus avoiding possible damage to the sill during the con- 
struction period. The space between the sill and the wall below is 
filled with mortar and pointed after the exterior walls have been built. 


WALL REINFORCEMENT 


Some concrete products manufacturers have advocated the use of 
reinforcement in some of the horizontal mortar joints of concrete masonry 
walls as a means of preventing cracking. Some of these manufacturers 
have used such reinforcement for a period of several years and claim 
it has been effective in preventing cracks, 

There are no data available, however, to prove this contention and 
such statements are based on the experience of individuals with certain 
jobs. Some observers think it is of no particular value; others seem to 
think that this type of reinforcement distributes stresses and controls 
cracking to the extent that cracks are finer and more widely distributed. 

Round pencil rods (44-in.) placed in each face shell mortar joint of 
the courses so reinforced is generally used, and in the past year a com- 
mereial type of reinforcement consisting of two longitudinal wires 
welded to diagonal cross wires has been developed. In so far as such 
reinforcement increases the tensile strength of the wall, it should help 
to prevent the formation of wide cracks at critical sections. It should 
never be regarded as a substitute for proper curing and drying of the 
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Fig. 1—Reinforcement in a masonry wall; questionable practice in a national 
emergency of steel shortage 


units or as a “cure-all” for poor design and construction. In the light of 

our present knowledge, such reinforcement should not be regarded as 

anything more than a supplementary aid in controlling shrinkage cracks. 
BONDING WALLS 

Interior partitions are tied to the exterior walls with metal ties or by 
providing a masonry bond. Where masonry bond is used, it is neces- 
sary to build the partitions at the same time the exterior walls are laid 
up or to provide openings in every other course to bond the partition. 
There are three general disadvantages of masonry bond for tying parti- 
tions to exterior walls as follows: 

First, the partitions are usually not all of the same thickness—for 
instance, load-bearing partitions may be 8 in. thick while nonload- 
bearing partitions are generally 4 in. thick. This necessitates cutting 
the exterior wall units which increases construction costs. 

Second, cracking may result from settlement of the floor supporting 
the partition as the walls are rigidly fixed at their juncture. 

Third, as the floors supporting non-load-bearing partitions frequently 
do not start at course height, it is necessary to start the partition with 
fractional height units which involves cutting standard height units. 

For these reasons, metal ties are recommended for bonding interior 
partitions to exterior walls. These ties are flexible enough to allow for 
slight relative movements of either wall. 

EXPANSION AND CONTRACTION JOINTS 

Expansion joints are rarely needed in concrete masonry walls. Con- 
crete masonry units are seldom placed in a wall in a fully contracted 
condition and usually some shrinkage takes place after the walls are 
built. Volume changes in concrete masonry walls are due to two con- 
ditions: temperature variations and changes in moisture content in 
the individual masonry units and in the mortar. A wall 100 ft. long 
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built of green concrete masonry units may shrink as much as .8 in. as it 
dries out due to moisture changes alone. With an average thermal 
coefficient of expansion of .0000040 and an increase in temperature of 
100 F., this same wall will expand only about .48 in. It can be seen, 
therefore, that expansion is seldom serious in concrete masonry walls 
but that contraction may cause damage. 


It is advisable to provide contraction joints for long walls, possibly 
for walls more than 50 ft. long. In order to be most effective, provision 
for contraction should be made throughout the entire cross-section of 
the building, including foundation walls, floors and roof. The location 
of the contraction joints will depend on the building plan. Some archi- 
tectural treatment, such as providing vertical drains in front of the 
joints can often be used to hide them. 


There are several types of contraction joints available. One type of 
joint can easily be made by laying up the wall in the usual manner 
except that half and full length units are used to provide a continuous 
vertical joint. The ends of the masonry units on one side of the joints 
are painted with a tar of asphaltic material to prevent mortar bond. 
The outside of this joint is raked to a depth of about 1% in. and filled 
with a mastic calking compound fof waterproofing the joint. 


PARAPETS AND FLASHINGS 


Most flat roofed buildings have parapet walls which may be a con- 
tributing factor to cracking if not properly designed and built. A 
parapet wall is in an exposed position, much more exposed to heat and 
cold than the walls below. During hot weather both sides of the parapet 
are exposed to the sun and therefore has a much higher temperature than 
the wall below which is exposed to the sun from only one direction and 
has also the moderating influence of the cooler air inside the building. 


On hot days the parapet wall expands some amount depending on 
its temperature and the coefficient of thermal expansion of the wall 
material. At night when the temperature falls the parapet wall con- 
tracts more than the walls below. However, the parapet wall will 
probably not come back the full amount it expanded due to the weak- 
ness of masonry walls in tension and the friction between the parapet 
and the roof. Small cracks then develop. As this process is continued 
the parapet wall will creep out further as the cracks fill with dirt and 
results in an overhang and a wider opening of cracks already formed 
or the opening of additional cracks. This same type of reaction to 
daily or seasonal changes in weather is true of coping units. The appear- 
ance of the cracks and the overhang of the parapet is unsightly and the 
cracks may permit water to enter the wall. 
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The problem is one of relative movement of coping and parapets 
with respect to their supports. This may be corrected by the proper 
use of expansion joints and by some means of anchoring the coping 
and parapet to their supports. Various means of accomplishing these 
results can be used. 

Where there is a concrete roof, small piers or pedestals may be built 
integrally with the slab at the corners. By building the masonry parapet 
walls against and around these piers, movement due to expansion of the 
parapets is limited. The same effect may be obtained by building 
serrations around the perimeter of the roof slab. Another method of 
accomplishing this same result would be to place dowels in the concrete 
roof slab to project into the cores of the concrete masonry units. Cores 
in which these dowels occur are filled with mortar or concrete, thus 
effectively tying the parapet to the roof slab and controlling move- 
ment. When a flat wood roof is used, this result can be accomplished 
by providing reinforcement in the cores of the hollow concrete masonry 
units, extending the bars through the parapet and a sufficient distance 
into the wall below to provide a tie. 

Some engineers feel that it is worth while to provide horizontal rein- 
forcement in parapet walls. The provision of 4-in. round rods in each 
face shell mortar joint in each course of the parapet would probably be 
worth while from the standpoint that they would help to prevent the 
wide stepdown cracks frequently seen near the corner of these walls. 
This reinforcement should only be needed for a distance of approximately 
20 ft. from the corners. 

Coping units can be provided with a slot to receive a dowel from 
the parapet. Expansion joints should also be provided between the 
coping units in order to localize the movement and to reduce the re- 
sulting stresses. The average coping unit is approximately 4 feet long 
and a %-in. expansion joint for every third unit should be sufficient. 


FLASHING 


Flashing should be provided wherever there is danger of leakage and 
should consist of copper, rust-resisting metal or metal painted with a 
rust-inhititive paint. Points requiring protection by flashing are: 
tops and sides of projecting trim; under all vertical joints in sills, coping 
and caps at intersection of walls and roof; over windows; and under 
horizontal surfaces which may permit the accumulation of water on 
or the passage of water through them. 

Through flashing should always be used under the coping. This 
flashing should extend through to the outside and be bent down to 
form a drip. On the inside of the parapet the flashing should be bent 
down over the roofing to form counterflashing 9} Flashing should not 
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Fig. 2—Typical coping detail 


be placed between the parapet wall and the roof slab as this provides 
a plane of weakness which will not be able to resist the creeping action 
of the parapet. 


Flashing over the windows is important where parapet walls are 
used because this is one of the first points where leakage will appear. 
Water which has come through the coping, the parapet or the wall 
itself flows down the cores until it strikes the lintel and is deflected 
into the building. The detail of flashing at this point will depend on 
the type of lintel used, whether one piece or split. The flashing need 
not extend more than 12 in. beyond either side of the opening and will 
usually be stopped an inch from the outside face of the wall. 


DRAINAGE 


If the building is in poorly drained soil, it is advisable to provide a 
line of drain tile around the footings having a slope of 4% inch in 12 feet 
and connected to a suitable outlet. It is generally desirable to parge the 
earth side of concrete masonry basement walls to increase watertight- 
ness. This parging should consist of two 14 in. thick coats of portland 
cement plaster using the proportions of 1 part portland cement to 24% 
parts mortar sand. At the juncture of the outside wall face and footing, 
the cement plaster should be thickened and rounded to provide a cove 
to divert water from the base of the wall. Backfilling should not be 
undertaken until the first floor is in place and the plaster parging has 
hardened sufficiently to prevent damage. 
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Fig. 3—Exterior basement wall construction for wet soil conditions 


MORTAR JOINTS 


Treatment of mortar joints in exterior concrete masonry walls” is 
important in building a watertight wall. Joints may be tooled or un- 
tooled. In the latter class is the struck joint which is made by cutting 
off the excess mortar with a trowel, and the raked joint which is a re- 
cessed joint made by raking out the mortar to a depth of 14 in. or more. 
Struck or raked joints greatly increase the chances for leaks. In making 
these joints there is a tendency to open up the body of the mortar and 
to draw it away from the masonry unit forming small ledges upon 
which water can collect. Struck joints are also likely to be torn and 
drawn away from the units. If these joints are used, adequate means 
of waterproofing or parging should be provided, or special attention 
given to the selection of material and tooling of joints. 


A tooled joint is one in which the mortar has been smoothed or worked 


by stroking the mortar with a mortar tool or trowel. There are four 


common types of tooled joints, namely the “V”, concave, square, and 
weathered joint. The principal advantage of tooling the mortar joints 
is that the mortar is forced against the masonry unit which increases 
the bond. The usual procedure is to strike the joint as the units are 
laid up and to delay the tooling until the mortar has perceptably bard- 
ened, This allows the mortar to take most of its shrinkage before it is 
forced against the units. Another advantage of tooling is that the 
mortar is compacted and smoothed into a dense surface texture which 
will more readily shed water. ‘Tooling also will reveal weak points in 
the mortar joints as the pressure used in tooling will often push the 


mortar entirely out at points where there is only a thin shell of mortar. 
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Fig. 4—Approved tooled mortar joints.” A horizontal effect is produced by tooling 
horizontal and striking vertical joints 


Thin mortar joints are best, because such joints produce a stronger, more 
watertight wall. 


No mortar, however good, can make up for defective design and 
poor workmanship. Leaky walls are not more common with one type 
of mortar than another. While some mortars are better adapted than 
others to particular jobs, the differences in the watertight properties 
are minor compared with design and workmanship. 


Tight joints are essential to watertight masonry. Bed joints must 
be full and level and not furrowed. Head joints should be carefully 
buttered to fill the joints tightly. If all the joints in the exposed face 
of the wall are tightly filled, there is little possibility of leakage unless 
the design is faulty. 


PORTLAND CEMENT PAINT 


The most popular method of waterproofing concrete masonry walls 
is by the application of two coats of portland cement base paint, This 
paint also provides a decorative funetion and is available in a wide 
range of colors, Other types of paint have also been used for painting 
concrete masonry, but it has been found that portland cement base 
paints are generally more satisfactory and ceconomical, The use. of a 
portland cement base paint meeting the Federal Specifications for 
Paint; Cement-Water, Powder, White and Tints, which was issued 
June 30, 1941, is recommended, The manufacturer of the paint should 
specify that his product meets the Federal Specifications, 

The most important considerations for obtaining a satisfactory paint 
job is the proper application and curing of the paint. Where properly 
applied, these paints bond to and become a part of the concrete masonry 
and will give satisfactory water-proofing performance for many years, 

It would require too much space to discuss properly the correct 
methods of applying and curing portland cement base paints. The 
Portland Cement Association has prepared an information sheet, “Sug- 
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gested Specifications for Application of Portland Cement Paint on 
Exposed Concrete Masonry Walls’’, which discusses this subject.* 

Concrete masonry buildings can be built waterproof and crackproof 
by combining high quality with proper design and good construction. 
A logical explanation for the few failures which have occurred is the 
haste with which our modern buildings are erected. Workmanship is 
frequently sacrificed for speed. Perfection in design and materials 
‘cannot make up for this sacrifice. 

The construction of good walls must begin with the design of the 
building, follow through the selection of materials and the supervision 
of the workmanship, and continue with the maintenance of the struc- 
ture after its completion. 


*ACI Committee 616, Recommended Practice for the Application of Paint to Concrete Surfaces’ 


has 
a report in preparation. 


Discussion of this paper should reach the AC | Secretary in triplicate 
by June 1, 1942, for publication in the JOURNAL Supplement, 
fediae Proceedings V. 38. 
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By KENNETH C, TIPPY? 

This paper discussed some of the construction details necessary for 
good results in concrete masonry construction. I would like at this time 
to add some material supplementary to that presented. 

The main problem in concrete masonry construction is to build strong, 
is evidenced by the many satisfactory buildings which have been built 
with concrete units as the sole or principal wall material. In the main, 
these buildings have not cracked or leaked, or such failures as have 
occurred have been of a limited nature. Such failures as we have investi- 
gated have indicated substandard masonry units, poor workmanship or 
faulty design. No building material available today is proof against 
these faults. 


durable, watertight walls. That concrete is an excellent building material 


MOISTURE CONTENT AND SHRINKAGE 

All manufactured masonry materials shrink during the process of 
manufacture: clay products while in the drying room and in the kiln; 
concrete products during the curing and drying out period. This shrinkage 
is a definite part of the manufacturing process and neither material should 
be considered a finished product until a large part of this shrinkage has 
taken place. Concrete masonry units laid in a wall in a green or wet 
state will later dry out and the resulting shrinkage is frequently sufficient 
to cause cracking. 

Studies made in the Portland Cement Association laboratories and 
reported through American Concrete Institutet showed that the moisture 
content of concrete masonry units at the time they are laid in the wall 
has an important bearing on the extent of shrinkage. These studies 

*ACI Journat, Feb. 1942; Proceedings V. 38, p. 317. 

tFormerly of the Portland Cement Association, Chicago; now Assistant Professor, Dept. of Civil Engi- 


neering, Syracuse University, Syracuse, N. Y. 


tShrinkage Measurements of Concrete Masonry, W. D. M. Allan, 


ACI Journat, Apr. 1930; Proceeds 
ings V. 26, p. 699. 
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included tests of 24 panels of concrete masonry units made with three 
different aggregates. The following example is typical of the panels 
tested: 

Panels erected with saturated two-day old units containing 19.3 per cent moisture by 
weight contracted .54 in. per 100 ft. in 45 davs. Further shrinkgae due to the heating 
of the building in which the panels were housed resulted in a total shrinkage at 150 
days of about .67 in. per 100 ft. 

Panels erected with seven-day old units containing 7.3 per cent moisture contracted 
about .35 in. per 100 ft. in 30 days. Total contraction after the building was heated was 
about .50 in. at 150 days. 

Twenty-eight-day old units when erected in panels contained 4.9 per cent moisture. 
Total shrinkage for 150 days was .35 in. per 100 ft. 

Panels erected with 90-day old units containing 2.8 per cent moisture expanded 
slightly during the first two days before contraction started. Total shrinkage was 
about .17 in. per 100 ft. 

These studies showed that air drying of the units for five days reduced 
the shrinkage for the 150-day period to about 75 per cent of that obtained 
with saturated units. Similarly, 26 days of air drying reduced the shrink- 
age to about half that obtained with saturated units. Eighty-eight days 
of air drying reduced the shrinkage to about 26 per cent of that of the 
saturated units. 

From these data it is evident that concrete masonry units should be 
in as near an air-dry condition as possible prior to being used. The use 
of units only partially dry, containing 2 to 5 per cent of moisture by 
weight, will result in the major amount of shrinkage which will occur 
in a concrete masonry wall. Present Federal and A.S.T.M. Specifica- 
tions limit the moisture content at the time of delivery to the job to 40 
per cent of the total possible absorption and this figure is generally 
accepted by others. This is approximately twice as much moisture as is 
contained in fully air-dry units. Unfortunately, however, too many 
products manufacturers send out green, uncured or wet units and trouble 
frequently results. Tests on forced air drying of concrete masonry units 
conducted by the Portland Cement Association have shown that these 
units are in a fully air-dry condition when they contain from 15 to 25 
per cent of their total absorption. 

Some of the points I plan to discuss are best shown by pictures and 
drawings. 

Fig. A shows some of the results of tests on forced air drying of con- 
crete masonry units using three different stockpiles of 8 x 8 x 16-in. 
blocks. Pile No. 1 with the cores vertical was placed directly on the 


ground, a practice common to a good many products plants. Piles No. 
2 and 3 were set on 8-in. high piers so that air could enter the cores at 
the bottom and travel vertically through the pile by chimney action. 
You will note that the moisture content of the units in Pile No. 1 was 
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Fig. A—Comparison of results for piles No. 1, 2 & 3 
8 x 8 x 16-inch-3 oval core units of Pottsco concrete used. Piles contained 960 units, 
approximately 8 ft. wide by 11 ft. long by 6 ft. 8 in. high; units stacked with cores vertical 
and aligned; artificial drying applied with bottom air injector type dryer. Free drying 
pertains to selected units placed apart from pile for maximum air drying. 
about 441% per cent of the total possible absorption at the end of 21 
days. Pile No. 2 contained 40 per cent moisture at seven days and 30 
per cent at 21 days. Forced air drying was applied to Pile No. 3 for 
eight hours after it has been in the stockpile for one week and the mois- 
ture content was reduced during this eight-hour period from 45 per cent 
to 27 per cent. 

Fig. B shows the comparison of results for Piles No. 4 and 5 which 
consisted of 8 x 8 x 16-in. units with their cores horizontal. My only 
purpose in showing this figure is to indicate that there is a definite lower 
limit for moisture content in concrete masonry units which will, of course, 
depend upon temperature and humidity conditions. It will be noted 
that Pile No. 4 was froced air dryed to a moisture content of approxi- 
mately 22 per cent at the end of seven days and that it then absorbed 
moisture from the air until it contained about 23 per cent of moisture. 

WATER TIGHT WALLS 

The subject of leaky masonry walls is a matter with which most of 
us are interested. Probably no other problem in the construction indus- 
try causes so much annoyance. This is because the prevalence of leaks 
is not usually great enough for builders to take positive action to prevent 
them. 

Tests made by the Development Department of the Portland Cement 
Association on the resistance to rain penetration of more than 200 masonry 
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8 x 8 x 16 in.—3 oval core units of Pottsco concrete used. Piles contained 1000 units 
and measured 6 ft. 8 in. wide by 14 ft. long by 6 ft. 8 in. high. Units stacked with cores 
horizontal and aligned from front of pile to rear. Artificial drying applied with end air 
injector type dryer. ‘Free drying’ pertains to selected units placed apart from*pile for 
maximum air drying. 


wall panels indicated that the class of workmanship used in laying up 
the walls was the most important factor influencing the performance of 
brick walls. Two grades of workmanship were used—average and 
excellent. Average workmanship was characterized by furrowed bed 
joints, buttered head joints, incomplete filling of the joints between 
wythes and rather less careful tooling of the joints. Excellent workman- 
ship provided full and carefully leveled bed joints, full and shoved head 
joints, solid filling of the longitudinal joint between wythes and careful 
tooling of the joints after the mortar had started to stiffen perceptibly. 

I would like to illustrate these types of workmanship by Fig. C, D, E, 
F. and G. You will note (Fig. C) that the concrete masonry backup is 
being laid with a furrowed mortar joint and that the space between the 
face brick and the backup is left open. Should moisture be able to pene- 
trate this brick facing, and it occasionally is, it can impound against the 
backup material and pass through the wall. Fig. D is a rear view of the 
face brick laid with average workmanship and properly illustrates the 
openings through which moisture can penetrate. 


Fig. EF illustrates the same type of wall built with excellent workman- 
ship. Note the spread horizontal joints which provides full bearing for 
the brick and that the space between the brick and backup wall is com- 
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Fig. C 





pletely filled with mortar. Head joints are also completely full and it 
would be very difficult for moisture to penetrate a wall of this type. 

Fig. F shows a wall with 4-in. face brick and 8-in. of concrete masonry 
backup showing the use of header block. Note that the joints between 
the brick header units are completely filled making it very difficult for 
water to pass between the brick units. 

Fig. G providing a side view of a completed wall, is a very good cross 
section of one built with excellent workmanship. Note that the wall 
consists of 4-in. of face brick with all joints full, 4%-in. of plaster and 8-in. 
of concrete masonry with full headers in every seventh brick course. 
This wall gave excellent results in the rain penetration studies. 

Treatment of mortar joints in exterior concrete masonry walls is 
important in building a watertight wall. (Fig. 4 of original paper) 
Joints may be tooled or untooled. In the latter class is the struck joint 
which is made by cutting off the excess mortar with a trowel and the 
raked joint which is a recess joint made by raking out the mortar to a 
depth of 4 in. or more. Struck or raked joints greatly increase the 
chance for leaks. In making these joints there is a tendency to open up 
the body of the mortar and to draw it away from the masonry unit form- 
ing small ledges upon which water can collect. Struck joints are also 
likely to be torn and drawn away from the units. 

In tooled joints the mortar has been smoothed or worked by stroking 
with a mortar tool or trowel. There are four common types of tooled joints, 
namely, the “V,”’ concave, square, and weathered joint. The principal 
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Fig. G 





advantage of tooling the mortar joints is that the mortar is forced 
against the masonry unit which increases the bond. Another advantage 
of tooling is that the mortar is compacted and smoothed’ into a dense 
surface texture which will more readily shed water. Tooling will also 
reveal weak points in the mortar joints, as the pressure used in tooling 
will often push the mortar entirely out at points where there is only a 
thin shell of mortar. This slide shows three of the more common types 
of tooled joints. 


FLAT ROOFS, PARAPET WALLS AND FLASHING 

Most flat roof buildings have parapet walls which are often a contribut- 
ing factor to leaking and cracking if not properly designed and built. A 
parapel wall is in an exposed position, much more exposed to the extremes 
of the weather than the wall below. During the hot seasons the parapet 
wall expands somewhat, depending upon its length, the temperature and 
the coefficient of thermal expansion of the wall material. When cooler 
weather prevails the wall contracts, but will probably not come back the 
full amount it expanded. This is because of the friction of the wall on 
its support and the weakness of the masonry in tension. 

Fig. H is of a residence in Indiana which was inspected in 1940. The 
complaint was of leakage occurring in the plaster at the heads of corner 
windows in three bedrooms under the roof deck. The inspection showed 
that the coping units had separated from their supports for almost their 
entire length and that cracking had occurred in the head joints. This 
of course, permitted water to pass through the coping and travel down 
the vertical cores of the units until it reached the window heads, staining 
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Fig. H 





the plaster. Some water also probably entered the wall cracks shown in 
the illustration. At points other than where windows occurred, the 
moisture traveled down the cores until absorbed by the units. 


The lower crack is at the roof line and was caused by the expansion of 
the low parapet wall. Typical step-down cracks can be observed at the 
corners of the building. 


There are several means of correcting these difficulties. When there 
is a concrete roof, small piers or pedestals may be built integrally with 
the slabs at the corners. By building the masonry parapet walls against 
and around these piers movement due to the expansion of the parapet 
is limited. The same effect may be obtained by building serrations in 
the slab near the corners. Another method of accomplishing this same 
result is to place dowels in the concrete roof slab to project into the cores 
of the concrete masonry units. Cores in which these dowels occur are 
filled with concrete, thus effectively tying the parapet to the roof slab 
and controlling movement. Where a flat wood roof is used, this result 
can be accomplished by placing reinforcement in the cores of the hollow 
concrete masonry units extending the bars through the parapet and a 
sufficient distance into the wall below to provide a tie. This reinforce- 
ment should be necessary only for a distance of three or four feet from 
the corners. Expansion joints should also be provided between the coping 
units in order to localize movement. 


Fig. I shows a preferred flat roof construction as it eliminates the 
parapet wall and the difficulties usually arising from its use. ‘The insula- 
tion placed on top of the concrete slab protects it from shrinkage and 
expansion due to weather changes. Flashing into the gutter prevents 


leakage. 
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Flashing over the windows is important because this is one of the first 
points where leakage will appear. Water which has come through the 
coping, the parapet or the wall itself will flow down the cores until it 
strikes the lintel and is deflected into the building. The detail of flashing 
at this point will depend on the type of lintel used—-whether one piece 
or split. Fig. J shows a suggested flashing detail for a split lintel. 


WALL REINFORCEMENT 


Some concrete products manufacturers have advocated the use of 
reinforcement in some of the horizontal mortar joints of concrete masonry 
wall as a means of preventing cracking. (Fig. 1, original paper) Some 
of these manufacturers have used such reinforcement for a period of 
several years and claim it has been effective in preventing cracks. 

There are no data available, however, to prove this contention and such 
statements are based on the experience of individuals with certain jobs. 
Some observers think it is of no particular value; others seem to think 
that this type of reinforcement distributes stresses and controls cracking 
to the extent that cracks are finer and more widely distributed. 

Quarter-inch round pencil rods placed in each face shell mortar joint 
of the course so reinforced are generally used and in the past year a 
commercial type of reinforcement consisting of two longitudinal wires 
welded to diagonal cross wires has been developed. (Fig. 1 of original 
paper) In so far as such reinforcement increases the tensile strength of 
the wall, it should help to prevent the formation of wide cracks at critical 
sections. It should never be regarded as a substitute for proper curing 
and drying of the units or as a ‘‘cure-all’”’ for poor design and construc- 
tion. In the light of our present knowledge such reinforcement should 
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Fig. K 





not be regarded as anything more than a supplementary aid in controlling 
cracks, 


It is generally observed that vertical cracks in concrete masonry walls 
start at a vertical joint between two units cracking the concrete masonry 
units in alternate courses through the face shell at the center core. The 
use of thin face shells has aggravated this condition. There has been 
some discussion about thickening face shells and some products manufac- 
turers have even considered going back to the two-core unit for this 
reason, Fig. K is from a photograph of a concrete masonry unit made in 
Davenport, Iowa. The face shell at the center core is considerably 
thicker than at the ends. The purpose of this is to strengthen the unit at 
the center so that it will be able to resist cracking at this point. The 
theory is that cracks will travel around such units following the mortar 
joints. We are watching this development with considerable interest 
to see if it proves effective, 


Concrete masonry buildings can be built waterproof and crackprool 
by combining high quality units with proper design and good construe- 
tion. A logical explanation for the few failures which have occurred is 
the haste with which our modern buildings are erected. Workmanship 
is frequently sacrificed for speed. Perfection in design and material 
cannot make up for this sacrifice. 

The construction of good walls must begin with the design of the 


building, follow through the selection of materials and the supervision 
of the workmanship and continue with the maintenance of the structure 


after its completion, 








FRE 
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By F. O. ANDEREGGT 


This paper is an excellent review of the subject and most of Mr. Tippy’s 
recommendations are correct. | would however, like to raise some points 
in regard to the choice of mortar for setting concrete blocks. Judging by 
the discussion of the last 10 years, most people seem to be interested in 
using only very strong mortars; but other mortar properties should receive 
careful consideration. First, I should like to ask, ‘‘Which should be 
stronger, the units or the mortar?” You may be surprised to learn that a 
1:1:6 mortar contains more cement per volume than most concrete units. 
Such mortars readily attain strengths of 5,000 psi. in the joint. How many 
concrete blocks can match this value? The modulus of elasticity of such 
joint mortars, according to our measuremenis, runs about 1,000 times 
their compressive strength. Is it fair to the blocks to embed them in 
mortar of such high rigidity, or should more cushioning action be provided 
to help take up part of the movements, which masonry walls are con- 
stantly undergoing? The load bearing capacity of even 1:2:9 mortars, in 
the thin joints common with concrete units, is ample. The important 
question involves durability. This is greatly helped by the thinness of 
the joint and by removal of excess moisture from the mortar by the units. 
More attention should be focused on balancing mortar rigidity against 
mortar durability. 

Mr. ‘Tippy discusses wall leakage. Most of the leakage occurs between 
the units and the mortar because of incomplete contact. If the mortar is 
too lean, or too dry, or too non-plastic, or if the units have too great a 
suction power, contact is apt to be poor. I noticed in the slides shown 
by Mr. Tippy that mortars of excellent plasticity had been chosen, 
Judging by their appearance they would run about 1:2:7% or 1:1:4%. 
A block having a high initial suction tends to congeal the mortar surface 
at the first instant of contact, especially in hot weather. The congealed 
mortar makes only point contact with the blocks so that both bond 
strength and watertightness are adversely affected. Such blocks should 
be wetted, but this is often difficult to attend to on the job. This fact 
should be considered when drawing up specifications for the blocks. 

The author is correct in recommending the elimination of parapet 
walls. They stick up like sore thumbs in more ways than one. If it is 
necessary to erect one, it should be built hollow with through-flashing 
above the snow line and with weepholes out on to the roof. This will 
prevent the accumulation of that moisture which seems to be so prevalent 
in and to cause the disintegration of, most prapet walls. 


(Consulting Specialiat on Building Materials, Newark, Ohio, 
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By BENJAMIN WILK* 


There is the question of shrinkage. From a commercial standpoint it 
is practically impossible in a large plant to store block more than 30 
days, and it would, therefore, be desirable to study possibilities of less 
shrinkage through other means than long time storage. Perhaps we 
have been emphasizing saturated block in the curing rooms too much 
A closer regulation of the moisture content when the blocks are taken from 
the curing room might be helpful. We have been using natural gas for 
curing during the past two years and find we can control the amount of 
moisture in the block a great deal better than with steam, Something 
along this line may be the solution rather than long time yard curing 


By J. C. PEARSON 


It seems to me that the prediction and control of movements in masonry 
walls, and particularly in masonry walls built of concrete units, will have 
to depend on more quantitative knowledge of such movements than is 
now available, This knowledge can hardly be obtained in the laboratory 
alone; true, we may learn something of the relation between shrinkage 
and moisture content of units, and something of thermal coefficients, but 
the effect of restraint in the built up masonry has almost necessarily 
to be determined from field measurements, Thus the answer to a ques 
tion asked in the Quiz Session, viz, how much shrinkage would be per- 
missible in concrete units to give reasonable expectation that long wall 
will not crack, is not known we need some long walls, built with tested 
materials under recorded conditions, and fitted with gage points for 
strain measurements, One can only guess at the answer now, but a lot 
could be learned from such experiments, The effect of light reinforce 
ment in horizontal joints, now controversial, is another question that 
could be pretty well settled by field seale measurements, Unfortunately, 
the opportunity for such tests is rare in commercial jobs, and test struc 
tures are expensive, Still the need is great, and we shall do well to watch 
for any Opportunities that present themselve 

By DOUGLAS E, PARSONS 
(presiding officer) 

One of the graphs indicated that the moisture content of the unit 
after prolonged drying was about 25 per cent, Does not the rate of 
drying and the final moisture content depend importantly on the type of 
aggregate? 

Mk. TIPPY 

Yes it does, The rate of drying of the unit will depend not only upon 

the type of aggregate but also upon its coarseness or finene Wind 


*(Cieneral Manager, Standard Nuilding Vroduetea Ca,, Detroit 
Thirector of esearch, Lehieh Portland Cement Co,, Allentown, Ma, 
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conditions, temperature and relative humidity are also important, <A 
hot, dry wind would do much to speed the drying of the units. Inei- 
dentally the blocks referred to in my discussion of forced air drying were 
made of an expanded slag aggregate, 

MR. PARSONS 

Photographs tlustrating walls with excellent workmanship showed that 
the bed joints were full and that the space between the facing and the 
back-up units was filled with mortar, ‘Tests condueted at the National 
Bureau of Standards indicated that the filling of the space between the 
facing and the back-up units provided an effective barrier against mois- 
ture penetration, However, it was very difficult to fill this space, and 
with certain types of units it was almost impossible. Masons, engineers 
and inspectors all agree that it is impractical to fill the space without the 
use of an outside scaffolding, which often would add considerably to the 
cost of construction, Fortunately, the results of the tests indicated that 
the complete filling of the space was not necessary to secure a satisfactory 
barrier against moisture penetration, The appheation of a thin but com. 
plete parging of mortar, either to the back of the facing or to the face 
of the backing, was sufficient and was obtained without difficulty, More 
over, direct: comparisons between the performances of walls, some of 
which had the bed joints for the brick work furrowed and others spread 
smooth and level indicated that the furrowing of the bed joints did not 
increase permeability significantly, The essential attributes for good 
workmanship are: the complete filling of the head joints in the brick 
work, the appheation of mortar to both the inner and the outer edges of 
vertical joints in hollow back-up units, and the wetting of absorptive 
brick before they are laid or best results, the mortar should be as 
wet (high a flow or slump) as the mason can use it conveniently, ‘That is, 
the mortar should be retempered as often as is needed to maintain the 
proper consistency, provided set has not begun 

By AUSTIN CRARBS* 

This paper by Mr, Tippy is something that everyone interested in good 
concrete masonry walls should read and re-read However two points, 
very important to a discussion of this kind, have not been covered, The 
first point is in reference to the specification for 40 per cent contained 
moisture and the second is the relation of quality of mortar to the absorp 
tive qualities of the conerete masonry units being used with a given 
mortar, 

As to the 40 per cent contained moisture specification, this is a step in 
the right direction, but research to date, on which this specification is 
based, in far from complete, [tis this writer's contention that this specifi 


*Avuetin Crabbe Ine Davenport, la by letter, sulbemequent to convention 
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cation definitely and unjustly penalizes the manufacturer of a particularly 
high grade block. For example, a 45 lb. block with 10 per cent absorption 
will take up 4% Ib. of water and 40 per cent of this amount is 1.6 pounds. 
A block of the same weight with 5 per cent absorption will take a total 
of 2.25 pounds of water and 40 per cent of this is 0.9 pounds. The writer 
so far has not seen a 5 per cent absorption block that would dry out to 
this extent in normal air drying. But, on the other hand, the higher the 
absorption, the quicker and easier it is to reach a figure of 40 per cent 
contained moisture. 

If the 5 per cent moisture block were obtained by additional quantities 
of cement, then this 40 per cent specification might in all cases be justi- 
fied, as shrinkage varies with richness of mix. On the contrary, however, 
most manufacturers of blocks with 5 per cent absorption or under, 
achieve this result through careful grading of aggregate and usually 
employ leaner mixes than the manufacturers of a 10 per cent absorption 
block, who as a rule use but one aggregate often of very poor grading. 

As to the second point regarding quality of mortar, this too should be 
considered in connection with the absorptive characteristics of the units 
used with a given mortar. To illustrate, a fairly poor mortar may bond 
tightly to a moderately absorptive unit, whereas a very high grade mor- 
tar may make a poorer bond if the units are extremely dense and smooth, 
Thus quality of mortar and quality of the units should be considered 
together in deciding on mortar for a particular job. 

The two points discussed above may be summarized as follows: 

1. Further investigation should be carried on to determine the shrink- 
age behavior in drying on concrete masonry units of lean mixes and very 
low total absorption. Then the 40 per cent contained moisture specifica- 
tion should be revised on the basis of facts secured from such an investi- 
gation. 

2. In view of the fact that there has been some consideration of the 
use of poorer mortars to prevent wall cracking from shrinkage of units 
in the wall, I suggest that the same result can be obtained by using units 
of lower absorption and smoother joint surfaces, in which case a better 
quality and hence more durable mortar would be used. We have made 
considerable progress toward the rules required to secure good concrete 
masonry walls, but much research work along lines indicated above, is 
still needed, 


MR. TIPPY 


I thank those who discussed this paper for their contributions to the 
highly controversial problem of what constitutes good practice in con- 


crete masonry construction. 
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In answer to Mr. Anderegg: I intentionally steered clear of recom- 
mendations for mortar proportions. Thousands of tests have been made 
on various masonry mortars and innumerable reports are available for 
those who care to read them. The author is inclined to agree with 
reports of the U.S. Bureau of Standards and with results obtained from 
tests conducted by the Portland Cement Association to the effect that 
good results from masonry mortars depend more upon good workmanship 
than any other factor. All of the walls shown in the slides referrred to 
by Mr. Anderegg were laid up with either a 1:1:6 or 1:0.25:3 mortar, 

Mir. Wilk believes it is practically impossible for a products plant to 
store blocks more than 30 days and I agree with him. The trouble exper- 
ienced with shrinkage of concrete masonry units has not been due to the 
fact that they are only 30 days old but to the practice of some manufac- 
turers of sending out block which are less than 7 days old. On the other 
hand the fact that block are more than 28 days old does not insure that 
they will not shrink as it is quite possible with open storage and a rainy 
period for the block to be almost completely saturated at that age. The 
only satisfactory solution for this problem is either covered storage and 
block approximately 28 days old, foreed air drying or high-pressure 
steam curing, 

The author heartily agrees with Mr. Pearson regarding the need for 
cracking studies of full seale walls. Products manufacturers would do 
the industry a great service if they would note the performance of large 
structures built with their units, and make the information obtained 
available to the industry, 

With regard to Mr. Crabbs reference to the 40 per cent contained 
moisture requirement: this matter has been discussed, There is a grow- 
ing sentiment that this 40 per cent limitation is too high and that it 
should be lowered to something in the neighborhood of 25 or 30 per cent. 
The author is inclined to agree with this lowered moisture figure as it 
would undoubtedly require something considerably better than the open 
yard curing so prevalent today. On the other hand Mr, Crabbs is 


probably correct in his contention that the permissible moisture content 


in terms of total absorption should be lower for heavyweight aggregate 
block than for the lightweight block, 
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The Effect of Belt Transportation on Concrete Aggregate 
Grading * 


By GORDON L. WILLIAMS} 


SYNOPSIS 


Steps in the solution of the problem presented by breakage of graded 
concrete aggregate through 26 ‘flights’ of a Olo-mile belt conveyor 
which took aggregate from the gravel plant at Redding, Calif., to the 
mixing plant for Shasta Dam 


The Redding-Coram conveyor, which transports graded concrete 
aggregate 9.6 of the 10.8 miles between the gravel plant at Redding and 
the mixing plant at Shasta Dam,{ consists of a series of 26 individual 
belts or “flights”. Hach transfer between flights contains a drop of about 
10 feet. Including the two end transfers, this makes a total drop of some 
270 feet, through which the aggregate falls. The potential energy 
about 300 horsepower must be dissipated in a manner which will not 
break the gravel, wear the chutes, or damage the receiving belt to any 
great extent 

It is believed that the magnitude of this problem was not generally 
appreciated when the conveyor began operating on May 6, 1940.) Un. 
fortunately, the entire conveyor line, including all of the transfer stations, 
was completed before any portion of it was tested under load, The 
original chute idea (at Lain big 1) appeared plausible at the time. It 
consisted of two chutes, the lower one acting as a drip chute to take the 
loud while the discharging belt was starting; when the belt reached full 
speed, the aggregate was thrown onto the higher chute, ‘The intent was 
to have the chute at sueh a slope that the shding fretion would Approxri 
mate the gravitational accelerating force, In that way the gravel would 
flow down the chute at a uniform rate of speed, its horizontal component 
being about equal to the velocity of the receiving belt 550 ft, per 
Piintite 

*Heceived by the Inatitute Aug, 25, dl 

thormerly Associate bengineer, Nureau of Heclatmation; now with Tennessee Valley Authority 

fhhneta Dam in being constructed by the Mureau of Reclamation on the Sacramento iver in Northern 
Cal in he ow part of the Central Valley Project 
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As is seen in Fig. 2, the breakage was about 10 or 12 per cent on the 
three coarser sizes of gravel. Incidentally, there is no apparent explana- 
tion for the high percentage of breakage in the intermediate gravel 
during the first two months of operation. The few tests recorded here 
might have been misleading, but the contractor, in taking a much larger 
number of tests, obtained similar values. In order to show only the under- 
size that was the result of breakage in transit, the data for Fig. 2 were 
computed by subtracting the undersize at the aggregate plant from that 
at Coram and the mixing plant, then expressing this difference as a 
per cent of the perfectly graded portion of the material leaving the 
aggregate plant. Discrepancies, such as apparently negative breakage, 
are due largely to the difficulties encountered in obtaining representative 
samples of segregated aggregate from a moving conveyor or discharging 
bin, and the impracticability of attempting to sample identical gravel 
as it travels along the conveyor or through the stockpiles. 


An observation of the original transfer in operation gave the impres- 
sion that the chutes were recelving their load nicely, the upper end being 
only an inch or two below the gravel trajectory. However, the load 
velocity increased considerably in the chute, causing gravel breakage, 
and abrasion of the receiving belt. The chute liners, which were oft 
16-in. manganese steel, were worn through before 250,000 tons of aggre- 
gate had been delivered. Some aggregate speeds in the chutes weré 
tested with a speedometer on a bieyele wheel and were found to he 
about 1000 ft. per minute. This test, however, was very crude, and 
gave a wide variation of results 

Fig. 1 with its sketches 1 to 9, shows several chutes tried. The main 
difficulty was to find a chute which would slow the gravel but not plug 
while delivering sand. The grizzly idea shown at 2 appeared plausible, 
as it would force the larger siz to slide farther than the small ones 
Howe ver, a grizzly of sufficient length to slow a rolling rock would stop 
a flat shding rock, and plug the chute All of the other ideas were dis- 
carded after one or two trials. hinally the transfer shown at oS, develope (| 
at Grand Coulee, was adopted. Installation of this type of transfer 
was completed in October, 1940, and subsequent breakage has been 


relatively small. 


The type shown at 9 is used by the dam contractor. That conveyor 
system contains 10 such transfers, two hoppers, and one stock pile. It 
was believed that most of the breakage in this system was caused by 
stockpiling, rather than by the transfers. However, since the Redding- 
Coram conveyor was constructed with 10-ft. drops between flights, the 
adoption of this type of transfer would have entailed considerable 
expense, 
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Fig. 4—Last four fli of conveyor, showing original transfer chute at 1 in Fig. 1 
Fig. 5 tne ae experimental transter chute sketched at 6, in Fig. 1 


big. 3 shows grading curves on the gravel at the Redding gravel plant, 
the Coram hoppers, and the mixing plant. These tests were made in 
August, 1940, when the original transfers were being used. The purpose 
of the tests was to determine the grading of the undersize. The results 
show that the gravel was not shattered, but was reduced somewhat in 
size by successive chipping. These chips collected at the bottom of 
drawdown cones in the hoppers and stockpiles, then came to the mixing 
plant in slugs. Therefore it is believed that the breakage between the dam 
stockpiles and the mixing plant is not as troublesome as that which takes 
place along the Redding-Coram conveyor. 

It is interesting to note that the sand loses some fines in transit. 
Some of this material adheres to the belt, then is brushed off by the 
return rollers, forming mounds of stalagmitic appearance on the ground 
below them. The average for about the first 1000 samples at each place 
shows average fineness moduli of 2.88, 2.95 and 2.99 at the aggregate 
plant, Coram, and the mixing plant, respectively. 

All aggregates accumulate some rock dust in transit. This sometimes 
amounts to as much as one per cent. In the summer, the material is 
sprinkled with water while moving along the conveyor. This tends to 
keep the dust down, the absorption up, and the belt cool. If the material 
is allowed to become too dry the air at the transfers becomes very dusty; 
but if it is kept damp a coating builds up on the gravel. However, 
occasional sprinkling, allowing time to dry between sprays, gives fairly 
clean gravel, 


Discussion of this paper should reach the AC | Secretary in triplicate 
by June 1, 1942, for oe in the JOURNAL Supplement, 
uding Proceedings V. 38. 
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The Effect of Change in Moisture-Content of the Creep 
of Concrete Under a Sustained Load* 


BY GERALD PICKETTT 


SYNOPSIS 


The amount and rate of plastic flow in concrete under load has been 
found to depend upon the rate of drying. This paper shows by mathe- 
matical analysis that this is a natural consequence of non-uniform 
shrinkage and a non-linear stress-creep relationship. It further shows 
that shrinkage cannot account for additional creep unless inelastic 
strain not proportional to stress is produced. Results from experiments 
designed to test the applicability of the theory to concrete are reported, 


INTRODUCTION 


The plastic flow or creep of concrete under load has been studied 
for many years. The investigation by R. Kk. Davis and his associates 
at the University of California,” beginning in 1925 is perhaps the 
most extensive. In general, constant axial loads were applied to cylin- 
ders and the deformations with time were compared with those of 
companion cylinders not loaded. Some of these specimens remained 
loaded for more than seven years, The effects upon the time-flow 
relation were studied, of such variables as composition of the concrete, 
age when loaded, magnitude of stress, repeated loading, and the humid- 
ity of the air in which the specimens were stored, The conclusion 
was reached” that 

the flow of plain concrete under a constantly sustained compressive stress 
(1) continues to increase, at first rapidly and then more slowly, for a long time, cer- 
tainly for several years, (2) is greater for concrete in an atmosphere of low humidity 
than for an identical concrete in an atmosphere of high humidity or when fully satur- 
ated with water, (3) is materially affected by the character of the aggregate, being 
substantially larger for sandstone concrete than for limestone concrete, (4) is less for 
rich mixes than for lean ones, (5) is less for concrete having a high modulus of elas- 


ticity than for one having a low modulus of elasticity, (6) is greater for a high water 


*Received by the Inetitute, Nov. 7, 1041 
tPortland Cement Asan... Chienge 
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cement ratio than for a low one, and (7) is greater when load is applied at an early 
ae than when it is applied at a later age. 

Their conclusions in regard to the effect of magnitude of stress on 
creep are not so definite.’ They state that under their conditions of 
test the flow is roughly proportional to sustained stress for stresses 
from 300 to 900 psi but that the relation does not appear to hold out- 
side these limits. 


Glanville, Building Research Station, England, agrees with Davis 
on most points. Glanville found that creep is approximately propor- 
tional to stress for stresses up to about 44 to 4% of the ultimate strength. 
Also, he tested cylinders in tension and concluded that creep is the 
same for compressive and tensile stresses of the same magnitude. He 
used an average stress of 150 psi and did not expect this relationship 
to hold for stresses close to the ultimate tensile strength. 


Creep in beams® and columns both plain and reinforced has 
been studied. The results for the most part are in accord with the 
above conclusions. 


During the past decade most investigators have emphasized the 
large effect of storage conditions (chiefly humidity) upon creep. But they 
are not agreed as to whether this is a direct effect or the result of another 
action which depends upon humidity. The investigations of both 
Glanville and Davis were conducted under controlled conditions of 
humidity and temperature although (as may be seen from Fig. 5 of 
Ref. 3) control was not always as good as desired. A lack of control 
of these factors may account for some contradictory results from other 
sources. Davis found that specimens stored in air at 50 per cent relative 
humidity flowed three times as much as specimens stored in water. In 
his analysis he considered the increase of deformation with time to 
consist of shrinkage due to drying and of flow due to load. He meas- 
ured the shrinkage of companion unloaded specimens and by sub- 
traction determined the flow or creep due to load. Some other investi- 
gators do not agree with this method of separating the deformations 
into shrinkage and flow. Lynam says that “Shrinkage and creep 
are two aspects of the same phenomenon; it is impossible to separate 
them and no good end is served by trying to do so’. Lorman says 
that “Shrinkage or swelling due to loss or gain of moisture and creep 
due to seepage are interrelated phenomena’. Lorman, however, con- 
siders the effects of the two separately. Maney‘ says that non- 
uniform shrinkage is the 


“ 


source of all time-yield in loaded concrete 


members” and that this time-yield (flow as defined by Davis) is not 
plastic flow but is “‘merely an elastic redistribution of stress, increasing 
with time’’. 

















CREEP OF CONCRETE UNDER A SUSTAINED LOAD 335 


The apparent confusion and disagreement that has arisen is due in 
part to the lack of adequate theoretical analysis of the state of stress 
and strain in a body such as concrete which shrinks when it dries and 
yields under sustained stress. In general, stress has been calculated 
from the elementary formulas o = P/A and o = My J without due 
consideration to the fact that non-uniform shrinkage may produce a 
distribution of stress greatly different from that given by elementary 
formulas. The unit deformation (resultant of elastic strain, shrinkage- 
strain, creep-strain, etc.) of each differential element of volume of 
concrete should depend upon actual conditions of stress, moisture 
content, ete., in that particular element. An analysis should deal with 
stress, strain, shrinkage, creep, etc., as functions of the coordinates of 
the specimen as well as of the usually considered variables, time, 
loading, storage, mix, ete. It is possible that the apparent effect of 
drying upon creep is not to increase the stress-creep coefficient but to 
‘ause non-uniform volume-changes that produce transient stresses 
which combine with the load-stresses and give rise to a distribution 
and magnitude of stress far different from that in a companion specimen 
undergoing less drying-shrinkage. A hypothesis based on the assump- 
tion that concrete has a non-linear stress-creep relation is sufficient to 
explain the observed difference in creep under different storage con- 
ditions. 

This paper will show, by the solution of certain hypothetical problems, 
the necessary consequences of making various assumptions, and will 
demonstrate the mathematical procedure involved. The results of 
these analyses will be compared with the results obtained from actual 
specimens, treated in such a way as to duplicate as closely as possible 
the conditions assumed for the mathematical analyses. The paper 
does not deal with the mechanism by which creep (yielding under sus- 
tained stress) takes place. Such inelastic strain produced by stress 
may be the result of crystalline flow, viscous flow, seepage, or any com- 
bination of these. An important conclusion of the paper is that an in- 
crease in creep accompanying non-uniform shrinkage or swelling is a 
natural consequence of the fact that the sustained-stress-vs. strain curve for 
concrete is not linear. 


THEORETICAL ANALYSIS 
Two hypothetical materials 
In the following analysis two hypothetical materials will be con- 
sidered. These materials are considered to be homogeneous and iso- 
tropic and to be of such nature that, after having been subjected to 
sustained stresses, one will show a linear relation between stress and 


accumulated strain, and the other, a non-linear relation. In this analysis, 
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as in some structural problems, a separation of deformation due to 
stress into its elastic and inelastic components is not necessary; only 
the sustained-stress-vs.-strain relation for the material need be given. 
However, since the utility of the analysis in interpreting the behavior 
of concrete depends upon the similarity of the properties assumed for 
the hypothetical materials to those of concrete, the following observa- 
tions, applicable to concrete, are in order: 


(1) A linear relation between sustained stress and strain implies that 
creep if present is proportional to stress. 


(2) A non-linear relation implies that creep 7s present and is not pro- 
portional to stress, 


(3) In so far as creep occurs, the sustained-stress-vs.-strain relation 
changes with the period of loading, that is, the relation is necessarily 
a function of time. It may also depend upon other factors which finally 
make it a function of the space-coordinates as well as of time. 


It will be assumed that rectangular prisms of these hypothetical 
materials are subjected to various loading conditions and that while 
some of the prisms do not shrink, others do in a definite way. Any of 
the distributions of shrinkage-strain that might exist in concrete would 
serve the purpose of this analysis if shrinkage-stresses were produced, 
but the mathematical work is simplified by making the variation a 
simple function of one coordinate. Such an assumed distribution of 
shrinkage corresponds to the distribution in a rectangular prism drying 
from only one surface or from two opposite surfaces. Although accurate 
representation of shrinkage-strain as a function of coordinates and 
time would involve complicated expressions, there is justification for 
assuming, after the initial stages of drying, a parabolic distribution of 
the type 


for drying from the top and bottom surfaces. A and B are functions 
of time, 2a is the depth of the prism, and s is unit linear shrinkage- 
strain. 


The mathematical work is further simplified by assuming that the 
prism is long and narrow so that only longitudinal stresses and strains 
need be considered, However, it is believed that the effect of width 
upon the longitudinal stresses and strains would be small 


The cases to be analyzed in detail are given in Table 1 
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TABLE 1—RELATIONSHIP BETWEEN SUSTAINED STRESS AND STRAIN 


Shrinkage-Strain 


s | 3 ( ) t 2] x 10-* No Shrinkage 
a / 


Stress-Strain . 
Relation Tensile Moment Tensile Moment 
No Load Load Load Load 
Load 500 333a? 500 333a? 
psi in-lb in psi in-lb /in 
Non-linear Case Case Case Case Case 
g 500 tan™! (ex 10° I II \ II L\ 
Linear Case Case Case Case Case 
o 5 x 10% Vi VIl X Vill IX 





Fig. 1—Hypothetical sustained-stress-vs.-strain rela- 
tions some time t after load is applied 














Stress not proportional to strain (cases | to V) 
Consider a hypothetical material having, after some period of loading, 
the sustained-stress-vs.-strain (¢, e) relation as given by Equation 1. 


o 


é 10-* tan (1) 
500 1) 


or, solving for o 
0 500 tan-' (e &k 10° (la) 


This equation is represented by curve a in Fig. 1. The curve shows that 
a stress of, say, 400 psi would produce a strain of about 0.0001 in ‘in, 
and — note especially it shows that this strain could be doubled by 
increasing the stress only 160 psi. It would not be possible to add a 
second stress of 400 psi to make a total of S00 psi since 785 psi would 
produce infinite strain (rupture). This shows that with such a stress- 
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strain relation superposition of stresses does not result in superposition 
of strains and vice versa. Therefore, it may be concluded that a stress- 
producing shrinkage would cause an effect in a body under load differ- 
ent from that which the same shrinkage would cause in a companion 
body not under load. That there would be a difference appears obvious, 
but the specific manner in which the effects of shrinkage differ in the 
two bodies is not easily determined. The difficulty in the analysis 
arises from the fact that although the loading of a specimen and the 
distribution of shrinkage may be arbitrarily assigned, the distribution 
of the resultant stresses or resultant strains within the body cannot be 
arbitrarily assigned. Not only must the actual distributions be in 
accord with the stress-strain characteristics of the material but also 
the distributions of stress and strain are controlled by the requirements 
of equilibrium and compatibility, respectively". 

The special case in which the material has a linear stress-strain rela- 
tion is treated in texts on the theory of elasticity, usually under the 
subject of thermal stresses. So far as it is known, the non-linear case, 
here analyzed, has not been treated before. 

It is emphasized that the stresses here discussed are the actual stresses 
at a point and are not the conventional stresses calculated by elemen- 
tary formulas; and the strains under discussion are also the strains at 
a point. Moreover, a strain at a point may be the resultant of several 
kinds of strains. The various kinds of strains are defined below. 

Shrinkage-Strain (s) (Swelling-strain if positive) is that unit deforma- 
tion due to any cause other than stress which would occur in an infini- 
tesimal element if the element were unrestrained by neighboring ele- 
ments. It is not to be confused with the average unit deformation, 
commonly called shrinkage of a so-called unrestrained specimen. 

Creep-Strain (c) is inelastic unit-deformation of an infinitesimal ele- 
ment due to stress. It is not to be confused with the term creep, which 
denotes inelastic deformation of the body as a whole due to loads. 

Strain Due to Stress (e) is the sum of the elastic-strain and creep- 
strain in an infinitesimal element. For simple tension or compression, 


o 
€e = - - ¢.. (2) 
E 


It follows that if stress is given by Equation la, creep will be given by 
Equation 2a: 

c = 10 X tan (¢/500) —o/E...... (2a) 
and therefore the stress-creep relation will not be linear. 


Total, or Resultant, Strain (e’} is the resultant unit-deformation: 
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Exposed Surface y Fig. 2—{a) left; (b) right 
T ™ a 
3 OSa+ -\3(5) +2|x10-* 
} 0 + + + + s 

O00! .0002.0003.0004 0005 

a O5a+ shrinkage strain 
: . oak 

Exposed Surface Distribution of Shrinkage -Strain 

(8) (b) 


Shrinkage alone (case !) 


Case I pertains to a prism drying from two opposite surfaces, as shown in Fig. 2a. 
It is assumed that some time after drying begins the distribution of shrinkage-strain 
is that given by Equation 4. 


This relationship is shown in Fig. 2b. 


It is further assumed that sections remain plane. This latter assumption is essen- 
tially correct for sections not close to an end as can be reasoned from Saint Venant’s 
principle, (!'!) or it can be proved by the principle of minimum energy. If sections re- 
main plane, then it can be shown that the conditions for compatibility are satisfied. 
In so far as the sections remain plane and shrinkage is symmetric with respect to a 
horizontal plane through the longitudinal axis, then the resultant strain (e’) is inde- 
pendent of y, or, 


e’ = constant s+ e¢ (5) 


Substitution of Equation 5 into Equation la gives, 


o 500 tan (e’ s) X 10' ... (6) 
Equilibrium requires that 
+a 
f ody = 0 : (7) 
e 


Combining Equations 4, 6 and 7 the result becomes 


La 
500 | tan | x 10° 4+ 3( ‘) + 21 dy 0 (8) 
. | a 

a es 


Equation 8, solved by trial, gives a value for e’ of approximately —2.929 & 10~™ in/in. 
Under the conditions assumed this is the resultant strain. Unfortunately, it is com- 
monly called shrinkage and incorrectly used as if it were something apart from elastic 
or plastic deformation. 


The shrinkage-stress is now found by substituting for e’ and s in Equation 6. 


o 500 tan” 3(" ) ~ 0.929 (9) 
a 


This distribution is shown in Fig. 3. 
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- Original length-10,000 units al 
| > 7 Original Specimen 
Ha/y\2 | 
i 9 500 tan '|3(3)-0.93) 
t-— = + 
“ 500 1000 gerion due to load 
® a A 
t ur ts 
* Specimen given tensile lood only 
Av. stress 500 /b/in* - Case II - 
y 
ry ; : 
+500 tan '|/3(%)"+0.84) 
a c* 4 
} Shortening due to Shrinkage 
i oti +293 nits 
a 1000 U 
a Specimen allowed 
to shrink-No tensile 
t lood - Case I 
Elongation due to load 
y 
t f 177* 
3=500 P units} 
a 
pecimen shrinking agains 
i | P Py . fensile load - Av. stress }-> 
fe 1000 500 /b/in? -Cose I 
a 
L Fina: smorrening due tocombined .' 1.16 |. 
effects of load and shrinkage —eunits 
Fig. 3—Distribution of stress for shrinkage Fig. 6—Diagrammatic summary of the anal- 


(case I) 


yses of cases |, Il, and Ill 


Fig. 4—Distribution of stress for tension and 
shrinkage (case Il) 


Fig. 5—Distribution of stress for tension 
(case Ill) 


Tensile load and shrinkage (case II) 

Case II differs from Case I in that, in addition to the shrinkage-strain, a load is 
assumed to be acting which, by elementary calculation, would give a uniform tensile 
stress of 500 psi. 


Under this load equilibrium requires that 


+a 
fo dy = 500 X 2a (7a) 
—@ 
Combining Equations 4, 6 and 7a the result becomes 
+a 
y 2 
500 f tan Ne’ X10‘ + 3I- + 2 | dy 1000a (Sa) 
a 
a 
Equation 8a is approximately satisfied by a value of e’ 1.163 & 10™in/in, 
The equation for resultant stress becomes 
v\ 
o = 500 tan] 3 + (). 837 (9a) 
a 


This distribution is shown in Fig. 4. 
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Tension without shrinkage (case III) 


Case III differs from Case II only in that shrinkage-strain is not present. There- 
fore, e’ = e. Because of the absence of shrinkage a uniform tension applied to a prism 
produces uniform stress throughout; and, in such a simple case, the strain may be 
found directly from the stress-strain relation. For o = 500 psi this strain is given by 
Equation 1 to be e’ = +1.557 X 10“ in/in. This uniform distribution of stress is 
shown in Fig. 5. 


Summary of cases I, Il, and Ill 


The results of the above analysis are shown in Table 2 and graphically in Fig. 6. 
TABLE 2 


Average Unit 
Case Load Shrinkage-Strain Deformation 
(Ten-Thousandths) 


I No load F | 3( u ) 2| x 10-8 2.929 
a 

Il Tensile load P [3 Y ) j 2| x 10-4 1.163 
500 psi a 


II] Tensile load None +1.557 
500 psi 


Since the assumed sustained-stress-vs.-strain relation is regarded to be a function of 
time, the elongation shown in Fig. 6 for Case III is to be considered the result of both 
elastic and creep elongations. That is, the 1.56 units of elongation shown represent 
the sum of the elastic and creep elongations of a specimen 10,000 units in length, due 
to a sustained tensile load of 500 psi. The difference between the calculated shorten- 
ings under the conditions of Cases I and II is considered to be an elongation due to 
load since the specimens are assumed to be otherwise identical. The calculations 
show that this elongation due to load is 1.77 units whereas in Case III the value is 
only 1.56 units. Suppose the elastic part of the elongation in these cases is 1.0 units, thus 
leaving 0.77 units for creep when shrinkage is present and 0.56 when shrinkage is not 
present. An experimenter obtaining such results from a material like this hypothetical 
one might conclude that the stress-creep relation was affected by drying. This con- 
clusion would be incorrect for such a material, because, as has now been mathematically 
demonstrated, an increase in creep accompanying non-uniform shrinkage is a natural 
consequence of the non-linear stress-strain relation of the material. 


Similar considerations for flexural stresses follow: 
Moment load without shrinkage (case IV) 


Case IV represents a prism loaded to produce flexure. The prism does not have 
shrinkage-strain but is assumed to have the non-linear sustained-stress-vs.-strain rela- 
tion given by Equation 1. If stress (¢) and curvature (1/p) were calculated by the 

My l M 


formulas of elementary mechanics, ¢ 7 and — the calculations would show, 


p El 








342 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE February 1942 
assuming a moment-load of 333a? in-lb/in of width, the maximum stress to be 500 


500 . 
psi and the curvature to be E in-'. However, these formulas do not apply, since 


1a 
only strain and not stress is proportional to distance from the neutral axis. 


The relation for strain in this case is: 


e’ = z (10) 
p 
From consideration of equilibrium 
+a 
f oy dy = M 
—a 
or 
+a 
500 f y tan (e X 10*) dy = 333a? (11) 
—a 


Since s = 0, e’ = e; therefore, from Equations 10 and 11 


+a 


7] 
500 fy tan™ | x 0 | dy = 333a? ; (12) 
‘ p 
—@ 


D6 : 1.236 K 1074. 
The curvature — is found by trial to be in”! 


The resultant stress is 
p a 


found by substituting in Equation la to be, 


Yy 
o = 500 tan” (1.236 ) ‘ (9b) 


a 


This distribution is shown in Fig. 7. 





Qi» 


¢=500 tan'(1236%) 






500 /o 500 1000 


——o 








6500 tan 's(Z)*188% 074 














Fig. 7—Distribution of stress for bending (case IV) 
Fig. 8—Distribution of stress for bending and shrinkage (case V) 
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Moment load and shrinkage (case V) 


Case V is a combination of Case IV (loaded in flexure) and Case I (shrinkage-strain). 
It represents a prism loaded to produce flexure, drying from the two surfaces where 
the maximum load-stresses would occur. The relation for strain in this case is, 


e’ =-—-+k : (13) 
where k is the average unit change in length. This k will be of the same order of magni- 


tude but not identical with the unit change in Case I which was —2.929 « 10™. 
From Equations 3, 4 and 13 


y y \2 
e=—+k4 [3(- ) | 2| x 107 (14) 
p a 


From consideration of the conditions of equilibrium 


+a +a 
foay 0 and fou dy = M 
a —a 


From these expressions and Equation 1, it follows that 


+a 
y \2 y 
500 f tan [3(- ) + 2+ (- + t) ” 10° | dy 0 (15) 
a p 
-a 
and, 
ra 
y \2 y 
500 f y tan”! [3(- ) + 2 +4 (. + k) x 10° | dy 333a? ae 
“ a p 
-a 


| s , ' 
The curvature — and the average unit change in length are found by trial from the 
p 


above equations to be: 
l 1.881 


x 10™in™ and k = —2.742 X 10 in/in 
p a 


Substitution of these values into Equation la gives 


y \2 y 
o = 500 tan fa ) + 1.881 - 0.742]. (9e) 
a a 


This distribution is shown in Fig. 8. 
SUMMARY OF CASES I, IV AND V (TABLE 3) 


The curvature for Case IV, 1.24/a ten-thousandths, represents the effects of elasticity 
and creep. Since the shrinkage is symmetrical with respect to the central plane, shrink- 
age acting alone does not cause curvature. However, when shrinkage and load are 
both acting as in Case V, the curvature is 1.88/a ten-thousandths. An experimenter 
working with specimens of a material like this hypothetical one would be justified in 
concluding that the increase in curvature of Case V over that of Case IV was due to 
shrinkage. But to explain it as an effect of drying upon the stress-creep coefficient 
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TABLE 3 
Average Unit 
Deformation Curvature 
Case Load Shrinkage-Strain (Ten- (Ten- 


Thousandths) Thousandths) 


I | No load s= - [3( y y t 2] x 10-4 2.929 Zero 
a 
IV | Moment-load None Zero 1.236 in=! 
| 333a? in-lb/in a 
V | Moment-load =. [ 3( y ) n 2] x 10- 2.742 1.881 in 
333a? in-lb/in a a 


would be incorrect for, as has been shown, additional curvature accompanying shrink- 
age is a natural consequence of the non-linear stress-strain relation and not, in this 
case, the result of any effect of drying upon this relation. 


Stress proportional to strain (cases VI to X) 


In the preceding section it was shown that when the sustained-stress-vs.-strain rela- 
tionship is not linear, additional creep is a natural consequence of the assumed shrink- 
age-strain represented by Equation 4. In this section it will be shown that if stress is 
proportional to strain and if the physical properties of the material (modulus of elas- 
ticity, etc.) remain unchanged, then shrinkage-strain can have no effect upon creep as 
ordinarily defined. The distinction between creep, which is inelastic deformation of 
the body as a whole caused by loads, and creep-strain, which is inelastic unit-deforma- 
tion of a differential volume element, is again emphasized. Since shrinkage-strain or 
any other self-strain of itself does not limit the validity of the principle of superposi- 
tion,“ the independence of shrinkage and loads for bodies which follow Hooke’s law 
should be obvious. However, it must be admitted that the properties of a material 
like concrete might not remain unchanged during the period of drying. It is conceiv- 
able that a change in moisture content, affecting hydration, strength, viscosity, or 
some other property, would so change the physical constants that additional creep 
could accompany shrinkage by virtue of this change regardless of the linearity of the 
stress-strain relation. Nevertheless, in this analysis of a hypothetical material it is 
assumed that the physical properties do remain constant. 


Since strain due to stress includes both elastic strain and creep-strain (¢ o/E +c) 
a linear relation of stress to strain would be found if creep-strain (c) were proportional 
to stress and the instantaneous modulus (2) were independent of stress. Lorman ’), 
Shank“) and others have made these assumptions in their equations for creep of con- 
crete. Lorman says, ‘Results of the more recent laboratory tests point to the con- 
clusion that within the range of design stresses, creep-strain or unit creep is propor- 
tional to the stress."" Maney even eliminates creep from consideration and says,‘ 
“Concrete could be regarded as a truly elastic material for all working load or design 
conditions.”” It should be noted that either of these assumptions implies that the 
sustained-stress-vs.-strain relationship is linear. The following analysis will show that 
if stress is proportional to strain, and if the properties of the material are not changed 
by drying, shrinkage can have no effect on creep. Because this has heretofore been 
overlooked, the analysis seems justified, even though in essence it merely verifies the 
principle of superposition. 
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Consider a hypothetical material with the linear sustained-stress-vs.-strain relation 
given by Equation 17. 

a 5 X 10% (17) 
This straight-line relation is shown by curve b in Fig. 1. Note that the figure shows 
that at the origin this curve is tangent to the curve representing the non-linear stress- 
strain relation of the other hypothetical material. Therefore, both assumed materials 
would have approximately the same characteristics under the same condition of load- 
ing and shrinkage-strain as long as the resultant stresses were small. 
Shrinkage alone (case V1) 

Case VI is the same as Case I in that it represents a prism drying from two opposite 
surfaces. It differs from Case I only in that stress (¢) and strain (e) are assumed to 
be proportional. Equations 4, 5 and 7 of that analysis apply here, but Equations 6 and 
8 are replaced by Equations 18 and 19 as follows: 

Substituting Equation 5 into Equation 17 gives 


o oe 10*®(e’ 8) (1S) 


Combining Equations 4, 18 and 7 the result becomes 


scan (e+ [52 +2] 109) ty 0. 


from which e’ is found to be —3 & 10™ in/in. This unit shortening is to be compared 
with e’ 2.929 &* 10™ in/in found in Case I. 


Substituting e’ 3 X 10 in/in into Equation 8 gives 
o = 500 [3( ) | (20) 
a 


Tensile load and shrinkage (case VII) 


for the shrinkage stress. 


This differs from Case VI in that an average tensile load is also acting during drying. 
It differs from Case II only with respect to the assumed sustained-stress-vs.-strain 
relation 

Equilibrium is satisfied by Equation 7a 


Combining Equations 1, IS and 7a the result becomes 


La 
5 & 10° | (. ' [3(“) ' 2| x 10 ) dy LO000a 
. a 
a 


from which e’ is found to be —2 & 10™“in/in. This average unit shortening is to be 
compared to — 1.163 & 10™in/in found for Case IT. 
Tension and moment without shrinkage (cases VIII and IX) 

The elementary formulas apply in these cases. For Case VIII the unit strain 


500 
é é 10™* ins in 


ox 10 
For Case IX the curvature 
l V 333a 10 


p El ax 1 xX Sita a 
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Fig. 9 (top left)—Distribution of stress for shrink - 


age (case V 
Fig. 10 (center left)—Distribution of stress for 
tension and shrinkage (case VII) 


Fig. 11 (bottom left)—Distribution of stress for 
tension (case VIII) 














Fi 


ig. 12 (top right)—Distribution of stress for 
bending (case IX) 
Fig. 13 (bottom right)—Distribution of stress 


for bending and shrinkage (case X) 


Shrinkage and moment (case X) 

Case X is the same as Case V in that it represents a prism under flexural load, dry- 
ing from two opposite surfaces, and differs only in the assumed stress-strain relation. 
Equations 3, 4, 13 and 14 of that analysis apply here, but Equations 15 and 16 are 
replaced by 

+a 


500 f [3 (” y +2+ (y/o + k) X 10° | dy = 0 (20) 
a 


ong 


+a 
500 fy [3 (2 y 424 (y/p +k) X 10° | dy = 333a?........ (21) 
a 
—@ 


The curvature 1/p, and the unit change in length, k, are found from these equations 
to be 


1 10~* . ae 
= in”! and k = -—3 X 10“ in/in 
p a 
The distributions of stresses for the last five cases are shown in Fig. 9 to 13. 


Summary of cases VI to X 


Table 4 shows the results of the analysis when the sustained-stress-vs.-strain relation 
is assumed to be linear. 


The curvature due to flexural load without shrinkage (Case IX) is the same as the 
curvature due to flexural load with shrinkage (Case X) showing that shrinkage has no 
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TABLE 4 
Average Unit 
Deformation Curvature 
Case Load Shrinkage-Strain (Ten- (Ten- 
Thousandths) | Thousandths) 
, . , “> ae o | ; ‘ f 
VI None s= -| 3{- + i x 10™° —3.00 Zero 
a 
VII | Tensile load = = [3 y y re 2] x 10-4 —2.00 Zero 
500 psi a 
Vill 500 pel load None +1.00 Zero 
IX | Moment load None Zero 1.00 in“ 
333a? in-lb/in a 
X | Moment load |) , = —| 3f ¥ y 4+9]x10- 3.00 1.00 in 
333a? in-lb/in a a 
Original length-10,000 units ~ 7 7 “ 
Fig. 14 — Diagrammatic 
) Spores summary of the analyses 
$$ of cases VI, VII and Vill 
Clongation due 
to icoad \ 
$$ 
- | 38 Loaded in Tension (Case YI 
Shortening due 
shrinkees 
ea Pee 
SS) Shrinkage Only 
72 Cose ¥ 
E gation due 
t oad . 
S$} Loo Combined with 
> Shrinkoge (Cose ZZ) 
Final shortening due to combined b. 20 aa 
effe f load and shrinkage units 


effect on deflection when strain is proportional to stress. The final average shortening 
when both shrinkage and load are acting (Case VII) is the algebraic sum of the unit 
changes in length when these factors act separately (Cases VI and VIII). Or, as is 
better illustrated in Fig. 14, the load causes the same elongation when shrinkage is 
absent as when shrinkage is present. 

Therefore, the principle of superposition is valid for stresses and strains arising from 
loads and shrinkage if stress is proportional to strain and if the proportionality is not 
affected by other factors (water-content, viscosity, etc.) which may be associated 
with shrinkage. 
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The mathematical work of this paper may be summarized as follows: 


(1) If unit deformation is not proportional to sustained stress, then 
the sum of the separate effects of non-uniform shrinkage and of load 
acting successively is not the same as the effect produced by these 
acting simultaneously. 


(2) If unit deformation is proportional to stress for all stresses in- 
volved, then the principle of superposition applies. 


(3) The method of determining the combined effects of shrinkage 
and load for assumed conditions is explained and illustrated. However, 
for other conditions the method might need to be revised. For example, 
the stress-strain relation of each element of concrete probably depends 
upon its past history of stress; therefore, since different elements have 
had different stresses in the past, the relation would be a function of 
the space coordinates in addition to time. 


APPLICATION TO CONCRETE 


As previously stated, most investigators are agreed that the conditions 
of moisture surrounding the specimen are very important factors in 
creep of concrete. The above analysis has given one possible explana- 
tion for this effect. The applicability of this explanation to concrete 
depends upon the actual stress-creep relation possessed by concrete 
since the explanation requires a non-linear relation in the range of 
stresses involved. The investigations of Glanville and Thomas _ pre- 
viously mentioned give some information upon this relation. On the 
basis of their experiments they concluded that stress and creep were 
approximately proportional for low stresses but that for loads of from 
36 to 84 per cent of the ultimate strength “creep is clearly not propor- 
tional to the applied stress over this range, but increases considerably 
as the ultimate strength is approached.’ These results dictated the 
choice of the particular non-linear stress-strain relation shown by curve 
a in Fig. 1. 

Assuming this statement of the stress-creep relation for concrete to 
be essentially correct, it remains to be shown that the stresses under 
ordinary conditions of drying are of such magnitude as to be definitely 
in the non-linear range. The stresses found by elementary formulas 
when designing structures may be within the linear range, but actual 
stresses will depend upon the distribution of shrinkage. The fact that 
concrete frequently cracks is proof that stresses sometimes reach the 
ultimate strength in tension. If there is a considerable amount of 
creep just before the ultimate strength is reached, then it seems reason- 
able that stresses close to the ultimate are often reached without the 
formation of cracks since local yielding relieves local stresses. A de- 
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tailed calculation of the transient stresses caused by drying has been 
made by the author in unpublished work. The results show that under 
most conditions concrete would have severe cracking if it were not for 
creep. For example, if the surface of concrete has dried so that it would 
have a unit shortening of, say, 700 * 10-° in/in if unrestrained, and 
if the elastic modulus were, say, 5 X 10° psi, then, neglecting creep 
and assuming 50 per cent restraint (a conservative estimate for the 
surface-region of a concrete member during the first stages of drying), 
the tensile stress would be 1750 psi, i.e., far beyond the tensile strength 
of the concrete. 


The above discussion indicates that actual stresses from the com- 
bined effects of load and shrinkage may be large enough in some regions 
of concrete members to be in the range where the stress-creep relation 
is definitely not linear. Therefore, it is believed that the analysis given 
provides an explanation for the observed influence of storage conditions 
on the behavior of concrete under load. 


EXPERIMENTAL RESULTS* 
Effect of drying 
Fig. 15 shows the results from three beams which were tested under 
conditions comparable with those assumed for Cases I, IV and V. 


Beam A was allowed to dry without load. (The specimen was stored 
on end to prevent flexing from its own weight.) The negligible deflec- 
tion demonstrates the symmetry of composition of the specimen. These 
conditions correspond to Case I. 


Beam B, which is comparable with the hypothetical beam of Case LV, 
was loaded, but drying was prevented by submersion in water. Creep 
is shown by the increase in deflection with time. 


Beam C, which is comparable with the hypothetical beam of Case V, 
had the same external load as beam B, and was subjected to the same 
humidity as beam A. After fifty days under load, the creep of C was 
four or five times the creep of B, and the total deflection was two and 
a half times the deflection of beam B. This is qualitatively in agreement 
with the theory, though the difference is greater than that accounted 
for in the theoretical discussion. The theoretical work could be changed 
so as to account for this much difference between beams C and B by 
the proper change in either the sustained-stress-vs.-strain relation 
assumed, Equation 1, or the assumed shrinkage-strain distribution, 
Equation 4. However, since other factors not taken into account in 
the above theory probably contribute to creep, this change has not 
been made. 


*For details of materials and methods see Appendix. 
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Fig. 15 (top left)—Effect of drying on the bending of loaded beams 


Fig. 16 (above)—Deflections of loaded beams as influenced by gaun or loss in moisture 
content 


Fig. 17 (top right)—Behavior of beams that are coated so that they will warp while they dry 


The effects of additional treatment of these and other beams are 
shown in Fig. 16. 
Effect of change in humidity and of alternate wetting and drying 

After beam C, previously discussed, had been drying for about 60 
days, a temporary failure of the air-conditioning equipment caused the 
relative humidity to lower from 50 per cent, its usual value, to 30 per 
cent. The effect on the deflection of the loaded beam is shown by the 
break in the curve designated by H. The humidity remained low only 
one day and then returned to normal. However, the increase in de- 
flection of the beam was irreversible. This behavior, which occurred 
in all loaded beams that were drying at the time, may be accounted 
for as follows: The lowered humidity caused additional shrinkage at 
the surface. The additional surface-shrinkage caused tensile stresses at 
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the surface. These stresses are of the same sign as load stresses at the 
bottom of the beam but of opposite sign at the top of the beam. There- 
fore, owing to the non-linearity of the stress-creep relation, a relatively 
larger amount of creep occurred at the bottom of the beam without a 
corresponding diminution at the top of the beam, causing a much greater 
average creep-strain than would have occurred without the change in 
humidity. In so far as the action was due to creep and therefore inelastic, 
it was irreversible. 


It is possible that lack of adequate control of humidity may account 
for some of the creep which others have reported to continue even 
after long periods of loading. 


Observe the effects of alternate wetting and drying of beam D. Beam 
D was subjected to the same conditions as beam C for the first 28 days 
of drying. Then the beam was submerged in water without disturbing 
the load. A large increase in rate of creep occurred as shown. The 
beam was further subjected to alternate drying in air at 50 per cent 
relative humidity and submersion in water which produced additional 
irreversible creep with each cycle as shown. 


After beam B, previously discussed, had been under load for 58 days 
while submerged in water, the load was removed. The amount of 
immediate elastic recovery indicated an increased modulus of elasticity. 
After four days, during which time there was a small decrease in de- 
flection, the beam was reloaded and exposed to drying at 50 per cent 
relative humidity. The action of this beam while drying shows again 
the interaction of shrinkage and load. The creep which occurred during 
the period of drying was much more than that which occurred when 
drying was prevented. The fact that beam B did not creep as much 
during the period of drying as beams C and D may be attributed to 
the fact that beam B had cured under water for 69 days before drying 
began, whereas beams C and D had cured under water for only 7 days. 


Effect of curing 


The effect of prolonged wet-curing is further shown by the deflection 
of beams E and F, cured for 34 and 73 days, respectively, before being 
subjected to the normal loading and drying conditions. The behaviors 
of E and F, when compared with each other and with those of beams 
C and D, show that increased curing reduces both the elastic deflection 
and the creep. A comparison of the deflection pf beam F with that 
of beam B during the period of drying indicates that the creep of beam 
B during the drying-period was not appreciably affected by the earlier 
loading that this beam had had during its period of curing under water. 
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Effect of drying before loading 

After beam A, previously discussed, had been drying for 100 days 
and perhaps had reached a static condition with respect to moisture- 
content, the beam was loaded. The very small amount of creep shown 
indicates that shrinkage-stresses, if present, were so small as to have 
very little effect. 
Magnitude of shrinkage-strain 


Some auxiliary tests were made to obtain some indication of the 
magnitude of “free shrinkage”’ stresses and to determine whether such 
stresses produce appreciable creep. The tests were based on the fact 
that if a beam is allowed to dry from one side only, it will warp if free 
from external restraint. The warping will increase rapidly at first, then 
will slowly reach a maximum, after which it will slowly straighten, 
until finally the warping is less than one-half the maximum value. Since 
such a beain warps into an arc of a circle, it may be straightened by a 
moment-load. This moment may be measured experimentally, or from 
information as to stiffness and the amount of warping, it may be com- 
puted. 

Two beams, G and H, were cured 7 days and then, after being covered 
on all sides but one, were allowed to dry. Beam G was allowed to warp. 
No external restraint or force was applied at any time, but the moment 
necessary to straighten the beam was computed. 


Beam H was prevented from warping at all times, and the required 
moment was measured. 

Fig. 17 shows the results of this experiment. The lower curve shows 
the stresses required to offset the tendency of the restrained specimen 
to warp, the stresses being expressed in terms of the formula ¢ = Mce/J. 
The upper curve shows, in the same terms, the stress that would be 
required to straighten the unrestrained specimen at any given time. 
The differences between stresses at a given time shown by the two 
curves are attributed to creep. 


The maximum stress in the restrained specimen at the end of the 
first day of drying is shown to be 300 psi. The actual maximum stress was 
probably higher because of the stress-concentration at the exposed 
surface. It probably approached the ultimate strength of the material 
which, by auxiliary tension tests, was found to be 400 psi after one day 
of drying. 


The opposite halves of a beam twice as thick as beam H and drying 
from two opposite sides would mutually provide restraint against warp- 
ing and therefore be under the same conditions of stress and strain as 
beam H. Therefore, the results show that, even in so-called ‘‘free 
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shrinkage’ prisms, the stresses may be close to the ultimate strength, 
and cracking would take place if it were not for creep. 


CONCLUSION 


Many factors other than those treated in this discussion must be 
considered before creep of concrete can be completely explained. The 
various factors may be so interrelated that the effects of any one can 
be only partially isolated. Certainly, changes in moisture-content do 
more than cause volume-changes. The properties of an agglomerate like 
concrete, usually undergoing spontaneous chemical and physical changes, 
cannot be represented in any great detail by a simplified, hypothetical 
material such as was treated above. Nevertheless, it is believed that the 
above theoretical and experimental results, together with the results of 
previous investigators, lead to the following rather definite conclusions: 

(1) The existence of a non-linear sustained-stress-vs.-strain relation 
is enough to account qualitatively for an increase in creep of a body 
undergoing non-uniform shrinkage over that of a body not shrinking. 

(2) Experimental evidence indicates that concrete has this non- 
linear relation, at least in the higher ranges of stress. 

(3) High stresses are produced by ordinary drying, as is indicated 
by frequent cracking, and as was verified by measuring the magnitude 
of moment necessary to restrain one-half of a prism from warping. 

Therefore, it is believed that the observed effect of changes in mois- 
ture-content on the creep of concrete under sustained load is due largely 
to a non-linear relation between the actual stresses and strains. 
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APPENDIX 


The data on the cements and aggregate used, as well as the details of the mix-pro- 
portions and the method of making and testing the specimens, were omitted from the 
main body of the paper because the characteristics of the particular concrete of which 
the specimens were made had no important bearing on the conclusions. That is, the 
results in this paper show in a qualitative way how concrete under load would react 
to wetting or drying. A variation in concrete, due to either composition or method of 
preparing the specimen, or variation in the test-procedure would produce results dif- 
fering quantitatively from those shown in the paper. But it is believed that the general 
trend shown in Fig. 15 to 17 by the eight individual beams is characteristic of all con- 
crete. As a matter of fact, the beams represented in the diagrams are in several in- 
stances only selections from a larger number that showed the same behavior. 


Since some readers may desire more information on individual beams discussed in 
the paper, the following details are given: 


TABLE A—MIX BY WEIGHT 


Parts by Weight 


Material Beams Beams 
Ato F G and H 
Water 0.50 0.42 
Cement 1.00 | 1.00 
Sand 2.08 1.28 
Aggregate 2.42 1,82 


Consistency 


Slump 5 to 6 inches—remolding effort 30 to 35 jigs. 


Materials 


Cement: The cement in beams A to F was a mixture of four brands purchased in 
Chicago. The specific surface by the Wagner method was 1665 em?*/g. 


The cement of beams G and H was a normal portland of 1200 em?/g specific surface. 


Aggregate’ Sand and gravel were obtained from Elgin, Illinois. The gravel was 
sereerted to pass a 34” sieve and be retained on a No. 4 sieve. 


The sand was graded as follows: 


Sieve No Per Cent Passing 
100 5 
1s 13 
28 es) 
14 67 
s SD 


j 100 
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Procedure 


With individual exceptions noted later, the procedure in preparing and loading these 
beams was as follows: 

The concrete was mixed in a power-driven, open-tub mixer. Immediately after 
mixing, the concrete was cast in 2x2x34-in. steel molds and consolidated by light vibra- 
tion by placing the molds on a small platform-type vibrator. Covers were fastened on 
molds but not made watertight. Then, molds and all were stored under water for one 
day. The molds were then removed and the specimens were again submerged until 
the age indicated on the diagrams in Fig. 15 to 17. 


Loading 


The beams were placed on a side as cast on a loading-bench, which provided a 32-inch 
span. The load consisted of the weight of the beam and a fifty-pound force at the 
center of the span. 


Exceptions 


Beam A was originally made and used for an investigation not discussed in the paper. 
It was cast in a watertight, wooden mold. After the usual light vibration a watertight 
cover was put on. The mold was then vibrated with the top down and finally vibrated 
on end. It was stored on end the first day while in the mold. At the end of the curing 
period the top and bottom surfaces as cast were sealed with paraffin. It was then 
stored on end in 50 per cent relative humidity for 100 days, after which it was loaded. 

After beam D had been under load for 28 days, the 55-lb. central load was replaced 
with two 42-lb. loads at the quarter-points. This caused a different distribution of 
bending moment but caused practically no change in the deflection at the center or in 
the rate of creep. During the change in loading, the beam was placed in a pan so that 
it could be submerged in water, as explained in the paper, without further disturbance 
in the loading. 

Beams Gand H. At the end of the curing period beams G and H were sealed on all 
but one side with lacquer and paraffin. Beam G was not loaded but was permitted to 
warp. The deflection at the center of beam H was prevented by restraining-loads at 
the quarter-points. 


Discussion of this paper should reach the ACI Secretary in triplicate 
by June 1, 1942, for publication in the JOURNAL Supplement, 
concluding Proceedings V. 38. 
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The Effect of Change in Moisture-Content of the Creep 
of Concrete Under a Sustained Load* 


By R. W. CARLSON? 


The author has made careful mathematical analyses which show that 
uniform and homogeneous shrinkage of concrete cannot in itself increase 
the plastic flow or creep of concrete. Furthermore, he shows to what 
extent non-uniform shrinkage across a section of a concrete member can 
increase the creep under a reasonable assumption of non-linear stress- 
strain relationship. In an actual example used by the author, however, 
the analysis does not account for all of the increased creep. 

A possible weakness of the paper is the inference that non-uniform 
shrinkage across a section of concrete, combined with inelasticity, is the 
full and only explanation for the increased flow under drying conditions. 
It seems more accurate to picture at least four differences between drying 
and non-drying concrete which might account for the increased flow of 
drying concrete. The other three are: (1) local stresses within the con- 
crete, largely due to the fact that aggregate particles tend not to shrink, 
the result being abnormally large creep in zones of high stress and thus 
an increase in the average creep; (2) possible internal cracking due to the 
drying, such that full correction for shrinkage is not made where tests 
are made on columns, and effective depth of section is reduced in beams 

(drying from the surfaces); and (3) there may be a direct effect of stress 
on shrinkage (this seems least likely, in view of the relatively small 
magnitude of applied force as compared with molecular forces). 
Although it is difficult to evaluate these other factors not treated by 
the author, it seems highly desirable that research along this line be con- 
tinued. Among the various tests which might be made to provide the 
needed information are (1) comparative tests on neat cement and cor- 
responding concrete to show the possible effect of local stresses due to 
aggregate, (2) load tests on specimens which have been subjected only to 


*ACI Journat, Feb. 1942; Proceedings V. 38, P- 333. 
+Massachusetts Institute of Technology, Cambridge, Mass. 
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free shrinkage to determine the amount of extra deformation under 
fairly quick loading, and (3) comparative tests on specimens which have 
been dried gradually to equilibrium by successive reduction in drying 
humidity. A few tests along the indicated lines have been made, but 
in general, insufficient controls have been provided. 

As an example of the type of work which can be done to reveal more 
clearly the effect of drying on concrete behavior, a modest series of tests 
now in progress in the laboratories of the Massachusetts Institute of 
Technology might be mentioned. Beams of neat cement and concrete 
are being dried slowly to varying degrees, all specimens being given a 
preliminary moist curing period of three months. One group is then 
dried at 75 per cent relative humidity for a specified period, then sealed 
and allowed to come to equilibrium. Another group is dried at 75 per 
cent for the same period, then at 50 per cent for a like period, then sealed 
and allowed to come to equilibrium. A third group is dried successively 
at 75 per cent, 50 per cent, and 25 per cent humidity before being sealed. 
A fourth group is carried a step farther to be dried finally in an oven, for 
the extreme case. The relative properties of the neat cements and con- 
cretes are to be studied when the specimens of varying degrees of dryness 
are six months old. If the age of six months proves insufficient to elim- 
inate the non-uniformities within each specimen, additional tests will be 
planned with the preliminary tests as a guide. 

The author’s analyses, however excellent, and such tests as are now in 
progress, mark only a beginning attack on the subject of the extraneous 
effects of drying of concrete. This seems to be one of the most fertile 
fields for concrete research. Since partial drying of concrete occurs so 
generally, its effects should be better understood. 
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Job Problems and Practice 


WHAT JPP MEANS 


an informal clearing house for mutual help on concrete problems; 
an opportunity for the ACI member who knows to tell the ACI 
member who needs the information. If the subject matter holds proba- 
bilities of general interest it will be briefed in these pages—with author- 
ship credit unless the contributor prefers not. 

If you know of an interesting problem whose solution has smoothed 
the way of someone in the field, record it briefly. If you have a problem, 
present it; a question, ask it. If you are moved to helpful comment or 
constructive criticism write the Secretary. 

The ‘‘answers” are those of individuals to whom the questions are 
referred and not of the ACI. 


Bond of Flat Steel Reinforcing (38-86) 


Q—I have been trying to find the allowable unit bond stress of flat 
steel, say 2 in. wide, gauge No. 14, embedded in concrete; also the allow- 
able pressure of steel on concrete of a 3¢-in. edge of a 3¢ in. X 14 in. 
flat steel when completely surrounded by concrete. Do you know of 
any experiments made on such materials and where the results of such 


experiments have been recorded and published? 
BY HERBERT J. GILKEY* 


A— The data on the bond that can be developed by bars which are 
flat, or by bars of other non-conventional shape of cross section are 
meagre, but such evidence as we have indicates that it would be reason- 
able to assume that for a given type of bar surface the bars should 
develop essentially the same bond resistance per unit of superficial area 
as would be developed by a plain round or plain square bar. There 
are, however, a few qualifying factors to which special consideration 
may well be given. If the bars are in the flat position as cast, the bond 
on the under side of them will be poor due to the film of moisture which 
gathers on the under side of all horizontal surfaces. If they are on edge 
~ *Head T and A M Dept., Iowa State College, Ames, Iowa. 
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as cast, both of the flat sides should develop excellent bond because 
what little water-gain effect there is, is against a narrow face instead of 
a wide one. If the length of the bar is vertical as cast, as in a vertically 
cast pull-out specimen, the bond developed may be expected to be from 
25 to 40 per cent higher than if the bars are horizontal and in the flat 
position as cast. The higher bond for bars vertical as cast, is due pri- 
marily to the more favorable orientation as regards the water-gain effect. 

If the bars being used are at all oily or greasy or if they are smoother 
than an ordinary plain reinforcing rod, the bond developed by them 
will be substantially reduced. 

Recently there has been released Bulletin 147 of the lowa Engineering 
Experiment Station on the subject of bond and it might be helpful in 
such problems. 

Regarding the allowable pressure of a 3%-in. edge against concrete 
when completely embedded, I have no recommendation to make nor do 
I know of any tests which would shed useful light on this problem. 


Concreting in the Rain (38-87) 


Q—What is good practice about concreting in the rain? My own 
notion is that in placing concrete—mass concrete—work may continue 
through light rain, and that concreting should be stopped when rain is 
heavy enough to wash out the cement. Our summer “down under” 
on the other side of the globe*, has frequent short, heavy thunder storms 
and I believe that concreting can be continued after these if the placed 
concrete is protected with tarpaulins, etce., during the storm. Do any 
specifications prohibit concrete placing in wet weather? 

BY R. F. BLANKSt 


A—This question brings up again a question that has been asked 
often recently due to the unusually wet winter on the Central Valley 
Project in California. 

We are largely in agreement with your correspondent’s idea that 
mass concrete work may continue through light rain and that it probably 
should be stopped when the rain is heavy enough to visibly wash out 
the cement. Although we rarely have protected fresh mass concrete 
with tarpaulins till the rain is over, we do take special precautions when 
placing is resumed to see that there will be no plane of weakness. Depend- 
ing on the time elapsed and the amount of cement lost, these precautions 
may range from extra vibration to weld the new concrete to the old, 
through use of a mortar batch at the start, to a complete cleanup and 
mortar batch as on an ordinary construction joint. 


*The question comes from Queensland, Australia. 
{Bureau of Reclamation, Denver, Colo, 
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The general statement which follows may be found in the Bureau 
of Reclamation Concrete Manual, Third Edition, page 293: 

The engineer in charge of concrete placement is at times confronted with the problem 
of deciding whether concreting may be continued during a rain, and if continued, 
what precautions are necessary. As a quick decision must be made, trouble may be 
forestalled by thoughtful pre-planning based on job conditions and current weather 
reports. A reasonable supply of protective covering should be available for immediate 
use. If periodic or sustained rainfall is imminent, the scale and arrangement of opera- 
tions should be so devised as to facilitate protection of the work. Owing to the large 
variety of job conditions, it is impracticable to include in this manual any comprehensive 
definite procedure for concreting in rainy weather. It may be said, however, that the 
work must be discontinued when the rain is so severe that water collects in pools or 
washes the surface of the fresh concrete and it is infeasible to provide adequate shelter. 

Specifications do not cover this point directly but do contain the 
requirement that no concrete shall be placed in water without special 
written permission and then only if an approved method is used. This 
is invoked when puddles accumulate on the concrete in the stage between 
a light rain and one heavy enough to stop the work. The approved 
method is to sponge up this free water before depositing new concrete. 
If rain continues at this severity, this procedure becomes so costly 
that placing is discontinued. 

The most critical stage in placing concrete during even light rain is 
the spreading and protection of the mortar layer on construction joints 
between lifts. Thicker layers, stiffer consistencies, spreading small areas 
at one time and temporary coverings are expedients which may be 
employed to a limited extent. 

At the minus 2-inch slump consistency that it is practicable to place 
mass concrete by means of vibration equipment now available, it is 
infeasible to make the concrete any drier to compensate for rain water. 
Trouble with such drier concrete results immediately in handling equip- 
ment. It is also doubtful if the rain water will become suitably and 
uniformly mixed in the drier concrete during placing. 

The inconvenience and expense of interruptions and delays due to 
rains is recognized but, since control of water in the concrete is the 
greatest element in job control of concrete quality, it does not seem 
prudent to be too lenient in this case merely to avoid interruptions. 


Slag Aggregate—Wet or Dry (38-88) 
BY FRED HUBBARD* 
Q-— Should slag used as concrete aggregate be wet before use? 
A-—Under some conditions the pre-wetting of slag aggregate before use 
in concrete is undoubtedly an advantage. However, by far the greatest 
tonnage of slag concrete aggregate is used dry and, in some instances, 
this also would be a distinct advantage. If slag is used as concrete 


*Director of Research, National Slag Assn., Youngstown, Ohio. 
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aggregate in a comparatively dry mix, and in such construction as a 
pavement slab, pre-wetting the slag, especially during hot dry summer 
months and on windy days, is advantageous in that it prevents any 
tendency of the dry slag to take water from the mix after the concrete 
has been placed and cause the concrete to dry out too rapidly for proper 
finishing. 

On the other hand, if slag is used in a comparatively wet mix, especially 
in cold damp weather, the use of the material dry is undoubtedly an 
advantage, allowing the aggregate to absorb some of the excess mixing 
water and produce a better quality of concrete. Many slag producers 
wet slag which is to be used as concrete aggregate at the slag plant after 
it is crushed and screened. In a few instances a screening process is 
accompanied by washing, in which case, of course, the slag is delivered 
wet. 

A direct answer to this question is, therefore, that slag is suecessfully 
used as concrete aggregate in both wet and dry condition, and that the 
pre-wetting of the slag is more or less a matter of opinion and any ad- 
vantage derived from wetting the material will depend largely on field 
conditions. 


What Concrete Coverage to Protect Reinforcing (38-89) 


Q—What information is there on the life of reinforcing steel with 
Y{ to 1 in. cover, in a concrete slab exposed to moist air approaching the 
saturation point at a temperature of 100 to 110 F. 

The slabs in which these rods are enbedded are exposed to frequent 
periods of drying out, i. e. alternate wetting and drying of the slabs. 
This condition is certainly more conducive to corrosive action in the rein- 
forcing than one where the slab is wet continuously. 

I would also like to know if any tests have been made, or if there are 
records of any kind, of the use of reinforcing rods previously coated with 
a cement, i. e. cement and water. If this is a good precaution to prevent 
reinforcing rods oxidizing when the cover is very thin —and if it has been 
used for this purpose, somebody must have developed a proper technique 
for applying it to the reinforcing steel. Is there any information about 
how such a coating may be applied on a commercial seale? 

A—We know of no tests where various amounts of coverage were 
used over reinforcing rods and the concrete exposed to moisture condi- 
tions as described. Offhand the only example which we can cite of rein- 
forcing steel with very little covering used under conditions likely to 
promote rusting are ships or structures exposed to sea water. 


During the last war a scow was built in Seattle and a concrete water 


barge was built at Vancouver which had little coverage over the steel. 
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The covering over the steel was well under 4% in. in many places. Both 
of these vessels have had pretty continuous service around Puget Sound. 
Examined in 1939 there was practically no evidence of rust or corrosion 
of the reinforcing, although the Seattle built seow had numerous fine 
shrinkage cracks visible in her sides. Practically all the rust spots noted 
were around bolts, spikes, ete., which were used to attach fender timbers 
to the concrete hull. The Vancouver barge did not have a single rust 
spot on it although at one place on the edge of her deck the tie lines had 
worn away the concrete and exposed the reinforcing so that one bar had 
a lg to 44-in. uncovered spot but no rust had occurred. However, it 
must be kept in mind that these barges were made with rich concrete, 
that is, high cement content and low water-cement ratio. 


In 1929 an examination was made of the Million Dollar Pier at Miami 
which had been seriously damaged by the hurricane of 1926. In exam- 
ining broken sections from which bars had been protruding for nearly 
3 years, it was rather reassuring to find, when the concrete was broken 
away, that the steel was protected right out to the outer layer of contact. 
The significance of this observation will be more appreciated when it is 
remembered that in the sea coast region corrosion of all steel exposed to 


the salt spray, as was the case with this structure, is very rapid. 


It is our opinion from these examples and other experiences that if 
the concrete placing is such as to positively prevent cavities from form- 
ing under the bars, l-in. protection of good concrete would be ample 
and corrosion would not progress lengthwise along the bars. Studies of 
concrete mixtures, however, have indicated that cavities can form 
readily not only under the bars but under some of the larger stone parti- 
cles in the mixture. Cavities form under reinforcing bars, particularly 
under the upper bars in deep beams where wet concrete is being used. 
The bars being held rigidly in place, it is to be expected that the concrete 
would settle away, leaving the cavity. It is more noticeable under the 
upper bars beeause of the greater depth of conerete below the bar. How- 
ever, with all but very stiff mixes the same tendency exists with bars 
held close to the lower surface. and it needs only a slight cavity for the 
rust to progress. 


Practical Specifications for Structural Concrete (38-90) 


Q— My problem is that of writing a specification that will be effective 
under our method of procedure. In our work with structural concrete, 
it seems insufficient to say in the specifications that the slump of concrete 
shall not exceed 4 in., that chutes, hoppers, ete., shall be of piteh and 
design to permit the expedient handling of concrete within this limit of 
slump. In some cases, it is not feasible to have rigid and continuous 
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inspection. If an inspector is not on the job, foremen allow chutes to 
become too flat or concrete is no longer assisted through the bottlenecks 
and then the claim is made that they just couldn’t handle concrete any 
stiffer than a 6- or 7-in. slump, although concrete within the specified 
slump would work readily in the forms. 

After concreting starts and faults in the equipment become apparent, 
it is usually too late to change; it seems necessary to make the specifica- 
tions so detailed and so definite that there will be no doubt in anyone’s 
mind as to just what the contractor will be required to provide in the way 
of equipment. Can you refer me to manufacturers of suitable equipment 
or to suitable published specifications of this type?—H. G. Collins. 


BY LEWIS H. TUTHILL* 


A—Your difficulty is not unique, and your idea of more detailed and 
definite specifications is part of the answer. However, I believe it is 
not possible to write a specification that will insure results without com- 
petent, full-time inspection. In other words, I have long ago come to 
the realization that it is a literary impossibility to write a self-administer- 
ing set of specifications. 

There are two possibilities in writing specifications. One is to describe 
the results which are to be obtained and let it go at that. The other is 
to describe the results and specify the use of certain well-demonstrated, 
successful methods by which the results can be obtained, and prohibit 
methods which are known to be unreliable and often productive of unsat- 
isfactory results. You are certainly right that a more complete type of 
specification is necessary. Too often under the “results only” type of 
specification, the contractor moves in with a setup that cannot possibly 
produce results that are satisfactory; yet nothing can be done until the 
plant is in operation and the results again prove it to be incapable of 
attaining specification requirements. By that time it is usually too late 
to alter the plant, for the work must go on. 

As source material for the specific, detailed type of specification, such 
things as the report of ACI Committee 6147 and the figures it contains, 
have been prepared. There are many other sources among ACI publi- 
cations and the various concrete manuals such as those of the ACT, 
Santa Fe Railroad, and Bureau of Reclamation. Experience is another 
invaluable source of ideas that should influence each new specification. 

I know of no specifications to which I can refer you that cover your 
particular work. General specifications are worthless. A specification 
must be written expressly for a job, taking into consideration all the 
special aspects of that particular job. A clearly written specification, 


*Chairman ACI Committee 614, Measuring, Mixing and Placing Concrete, Denver. 
TACI Journat Nov. 1941; Proceedings V. 38. 
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stating exactly what is expected, and how it is to be done, and what is 
to be prohibited, will withstand the test of administration on the work 
and will result in fewer lawyer’s fees than will the more obscure general 
type of specification. 

A common equipment setup uses a conveniently located hoist tower 
to supply concrete to a floor hopper from which buggies carry the concrete 
to the forms. Numerous manufacturers make such equipment but you 
can’t hold them responsible for a chute from the mixer to the skip loading 
hopper, for instance, that is too flat to carry concrete of the proper con- 
sistency. Nor are they responsible if the skip discharge hopper on the 
tower is not moved up often enough or far enough to afford adequate 
slope of chute to the floor hopper. These things are purely matters 
of operation (among others) that your specifications should provide for 
and that your engineering and inspection forces see that you get. 

The third element of a military operation, long ago cryptically defined, 
is equally important in construction operations. The first two elements 
are: (1) have a plan; (2) have the force to carry it out. The all impor- 
tant third: See that it is done! 


The Shrinkage of Concrete (38-91) 


Q-— Most existing information on the shrinkage of concrete pertains to 
small laboratory specimens dried artificially. These specimens pre- 
sumably not only are smaller, but are dried more completely. How can 
results of these laboratory tests be used to predict the probable shrink- 
age of concrete in such structures as buildings? 

BY ROY W. CARLSON* 

A-—This question is partially answered by a paper in the ACI JouRNAL 
Jan.-Feb. 1937, entitled “Drying Shrinkage of Large Concrete Mem- 
bers”. In that paper, the effects of size of-section and time of drying 
on degree of drying and shrinkage are shown. It is shown, for example, 
that a 6-in. slab may lose 20 per cent of its evaporable water in one 
month, while several years are required for a 48-in. slab to lose 20 per cent. 

The important information still lacking is the maximum amount of 
drying and shrinkage which occurs in buildings, where the drying is 
not continuous. A building wall may absorb as much water in one 
rain as it loses in several weeks of drying. Therefore, it is expected 
that the drying will not proceed indefinitely in a service structure, but 
will reach some equilibrium condition, where the absorption during 
wet seasons offsets the drying of other seasons. The final result will 
undoubtedly depend upon the climatic condition and upon the exposure 
of the particular concrete. 


*Mass. Institute of Technology, Cambrdge, Mass. 
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Why the Limitation on Extreme Fiber Stress (38-92) 


Q—Why is design extreme fiber stress for concrete in compression 
limited to 0.45 of the 28-day strength when test specimens of balanced 
design, so based, invariably fail in tension? 


BY F. E. RICHART* 


A—This working stress is presumably based primarily on the tests 
made by Slater and Zipprodt, Proceedings, ACI, 1920, p. 120, and by 
Slater and Lyse, Proceedings, ACI, 1930, p. 831. Another paper bearing 
on the subject is by C. B. McCullough, “Flexural Resistance of Shallow 
Concrete Beams”, Eng. News-Record, Sept. 19, 1935. Slater and Lyse 
showed very definitely that in beams which actually failed in flexural 
compression, the maximum compressive fiber stress (on the basis of 
the straight-line theory and a value of n as given by the ACI Code) 
was more than 1.5 times the compressive strength of control cylinders 
of the same concrete, for concrete of strength 4000 psi and less. For 
concrete of strength greater than 4000 psi, the ratio varied from 1.5 to 
1.45. Comparing the smallest of these ultimate strengths, 1.45 f’. with 
the design stress 0.45 f’., the factor of safety is found to be 3.2. A similar 
comparison of a working stress of tensile steel of 20,000 psi with the 
specified yield point value, for intermediate grade steel, of 40,000 psi, 
with allowance for a slight reduction in moment arm at the higher 
stress, shows that the factor of safety for the steel may be 2.0 or less. 
This should show pretty clearly why beams designed with these stresses 
fail in tension. 

The reason for using so-called balanced “reinforcement”? when we 
know that, with the working stresses used, it is not actually balanced, 
apparently is based upon a doubt on the part of engineers that adequate 
inspection will be provided for reinforced concrete construction. It is 
probably felt that a lower factor of safety may be permitted with steel, 
a factory made product (even though it is not inspected), than should 
be permitted with the concrete, which may be subject to many ills of 
proportioning, mixing, placing and curing. At least such a tendency 
has been apparent from the working stresses used for reinforced con- 
crete from the beginning of its use in this country. 

This conservatism with regard to flexural stresses in reinforced con- 
crete may be justified by the fact that the use of higher concrete stresses 
would produce but little saving in cost, since reducing the depth of 
flexural members would increase the amount of reinforcing steel re- 
quired, The principal economy then would be in saving of dead load. 


*Research Professor of Engineering Materials, University of Illinois, Urbana, 
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Minimun-steel graphs for bending and compression 
P. Massarix. Concrete and Constructional Engineering, V. 36, No. 9, p. 353-364, Sept. 1941. 
Reviewed by GLENN Murpnuy 


The author presents charts to facilitate determining the most economical areas of 
tension and compression steel for any rectangular section under bending and compres- 
sion (tension being developed) or for any rectangular section in simple bending where 
compression steel in required. The method outlined also applies when the cover ratios 
are different on the two faces of the section. Several illustrative examples are included. 


Proportioning of concrete 


K. KE. ANnprews, B, E., Journal of the Institution of Engineers Australia, V. 13, No. 8, Aug. 1941, p. 181. 
Reviewed by J. R. SHank 


The author summarizes very well the history of the theory of proportioning concrete 
through to the present day. The references are generally American. The presentation 
is thorough, succinct and interesting. This paper might well appear in any good text 
on concrete. No abstract is made because all of the material can be found in any good 
library and much of it is in the Proceedings of the American Concrete Institute. 


Lining the world’s longest tunnel 
Engineering News-Record, V. 127, No. 23 (Dee. 4, 1941), p. 70-75. Reviewed by 8. J. CHAMBERLIN 
Concrete lining is under way in the Delaware water-supply tunnel with a large array 
of equipment and divergence of schemes. One contractor mixes concrete at the surface 
where it discharges through a 10-inch pipe to 375 ft. below the surface for a long haul 
in special agitator cars. Another batches at the surface, mixes with double-drum 
paver in the tunnel and places by pipe-line. Another delivers concrete at the surface 
by truck-mixers which drop the concrete through 10-in. pipes. 


Designing reinforced-concrete beams with variable moments of inertia 
Cuarues A, Exv.is, Engineering News-Record, V. 127, No. 19 (Nov. 6, 1941) p. 84-87 
Reviewed by S. J. CHAMBERLIN 


The method of determining angles of rotation and moments of fixed end-beams by 
the principle of area moments for beams of constant moment of inertia is extended to 
beams of variable moments of inertia by dividing the beam into a number of units and 
applying area moments to each. End moments are obtained by summing the values 
of the units. The procedure is illustrated for several types of loading. A table of key 
coefficients of universal applicability is included. 
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Cantilever forms preferred at Mahoning 
Kennetu C. Cox, Engineering News-Record, V. 127, No. 17 (Oct. 23, 1941) p. 86-88. 
Reviewed by S. J. CHAMBERLIN 


Designed for 5-ft. lifts, rolled steel sections were used for the horizontal and vertical 
wales of the forms with 4-in. tongue and groove sheathing. Rods and stud bolts were 
of high tensile steel. The bottom stud bolt accommodated two nuts and washers for 
adjusting the top of the form to any position. At the top of the vertical wale a cantilever 
steel leg supported the form on the hardened concrete while the ties were being removed. 


Precast facing used on Navy hospital 
Huao C, Fiscner, Engineering News-Record, V. 127, No. 17 (Oct. 23, 1941) p. 108-111, 
Reviewed by 8. J. CHAMBERLIN 


Some 400,000 sq. ft. of precast exposed aggregate concrete panels were used to face 
the 3- and 4-story concrete frames and 20-story structural steel tower. Five-hundred 
different shapes of panels were required. Integral lugs furnished a positive tie to the 
brick backing. The panels are free-standing, being anchored to but not supported by 
the concrete frame. The use of quartz aggregates and white cement created a distine- 
tive texture.” 


Artificial stone cornices 
Beton-Stein Zeitung, Vol. 14, No. 10, May 25, 1941. Reviewed by A. U. Tuever 
The use of concrete cornices even where all other architectural details in a building 
may be limestone is stated to result from a certain tendency in modern architecture 
favoring a large overhang. This is attributed to difficulties with natural stone both in 
securing suitably large pieces of stone and providing for proper anchorage into the wall. 
Practical methods for pouring the cornice on the job, both in situ or on the ground, are 
described. 


Navy builds concrete hangars at San Diego 
Engineering News-Record, V. 127, No. 23 (Dee. 4, 1941), p. 64-66. Reviewed by 8S. J. CHAMBERLIN 
The structures are of the thin-shell barrel-type, each consisting of four independent 
sections separated by expansion joints. Two-hinged arch ribs are supported on piles 
and tied together by bridge strands. The movable arch centering and forms for the 
main roof were designed so that one complete roof unit could be placed monolithically. 
The concrete was brought to the top of the hangars by pipeline and distributed by metal 
elephant trunks and auxiliary chutes. 


Drydock concreting by belt conveyor 
Engineering News-Record, V. 127, No. 21 (Nov. 20, 1941), p. 84-86. Reviewed by 8S. J. CHAMBERLIN 
A system of 24-in. belts conveys the concrete at rates up to 180 cu. yd. per hr. The 
first belt receives from the hopper under the mixer at the center of one side of the 135 
by 720-ft. area and delivers it to a belt on top of a trestle extending along one side, The 
belt on the trestle can move in either direction delivering at any point along the full 
length. A traveling steel bridge spans the area and carries two belts, one from the trestle 
belt to the center, and a second belt which is reversible so that it can deliver to any point 
under the full length of the bridge. A movable hopper and delivery pipe are suspended 
beneath the bridge. Uniform loading and cleaning of belts is accomplished effectively. 


*See p. 280 this JounNaAL, 
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Steam-curing in concrete and lightweight-concrete products 
Beton-Stein Zeitung, V. 14, No. 10, May 25, 1941. Reviewed by A. U. Turver 
General test data are presented, indicating the loss in weight and shrinkage against 
time of three different cement-aggregate proportions for three methods of curing. The 
three methods of curing are (1) steam pressure at 180 C., (2) damp curing at room 
temperature, and (3) curing by subjecting specimens to a combined steam and flue- 
gas treatment. Data are also presented to indicate the increase of strength with time 
for three steam curing temperatures (100, 140, and 180 C.) following initial curing 
periods of 2 and 6 days at room temperature. A number of conclusions with regard to 
steam curing are drawn from general practice. 


Cement dispersion and concrete quality 


Kk. W. Scrivrune, Engineering News-Record, V. 127, No. 23 (Dee. 4, 1941) p. 82-85 
Reviewed by 8S. J. CHAMBERLIN 


Dispersing agents are used to spread the individual cement particles apart, that is to 
avoid flocculation. Water that would be trapped in cement clumps is released to 
become a part of the placing water, thereby making it possible to reduce the water- 
cement ratio. The surface area of the cement in contact with water is greatly increased 
which increases the rate of hydration. Unlike admixtures which attempt to add some 
extraneous material for beneficial effects, dispersing agents merely increase the efficiency 
of the cement itself. Mixes of the same design and consistency show increased resistance 
to freezing and thawing and increased strengths when dispersing agents are used. The 
cost is roughly equivalent to that of three-quarters of a sack of cement per cubic yard 


of concrete. 


War-time buildings—three-pin portal frames 
Concrete and Constructional Engineering, V. 36, No. 9 p. 365-374, Sept. 1941 
Reviewed by GLENN Murnpny 


Restrictions upon steel and timber in England together with the necessity for fire 
resistant construction which will comply with special loading conditions and in addition 
be easily camouflaged have led to the development of precast reinforced-concrete frames, 
The system, evolved by Mr. C. W. Glover, utilizes standardized precast reinforced- 
concrete shapes for spans up to 70 ft. The frames are cast in two halves and, in erection, 
are pinned at the base and at the crown where the two halves meet. The members are 
designed to facilitate the placement of purlins and other appurtenances. The three-pin 
construction, being statically determinate, adapts itself to large movements of individual 
foundations due to uneven settlement or displacement due to bombing effects. The 


“a 


three-pin portal frame is also adapted to “‘shadowless”’ construction, 


Sulfate resistance of portland cements 
Technical News Bulletin of the National Bureau of Standards, No, 202, Aug., 1041, p. 70 
Hiauway Resrarcn AnsTRacts 


In extensive areas of the West-Central portion of the United States and Canada, 
many clays and soils occur which contain several per cent of sulfates, particularly 
sodium sulfate. The action of these “alkal” soils on portland cement mortar or con- 
crete results in the conversion of the hydrated calcium aluminate of the set cement to 
calcium sulfoaluminate and gypsum, accompanied by marked expansion. Complete 
disintegration of the mortar or concrete may eventually occur, 

Methods by which the sulfate resistance of portland cement mortar or concrete may 
be improved, include the following: (1) Steaming the mortar or concrete; (2) prolonged 
curing of the mortar or concrete at ordinary temperatures; (3) mixing the cement with 
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a puzzolanic material; (4) increasing the glass content of the cement; (5) altering the 
chemical composition of the cement. 


Experiments by E. P. Flint and Lansing 8. Wells, which are reported in the Journal 
of Research for August (RP-1411), show that the above methods are effective because 
they bring about the removal from the set cement of tricalcium aluminate hexahydrate, 
which is unstable in sodium sulfate solutions, and the formation in its place of siliea- 
or iron-containing hydrogarnets, which are stable in such solutions. 


Products having an X-ray structure nearly identical with that of grossularite garnet 
were obtained when mixtures of beta-dicalcium silicate, lime, and dehydrated kaolin 
were steamed at 500 C, and 420 atmospheres. Dicalcium silicate and tricalcium silicate 
are major constituents of portland cement and dehydrated clay, or kaolin, is a common 
puzzolanic cement admixture, 


The effect of deflection of the supporting beams on the bending moments in a uniformly 


loaded slab 


ALAN Buuns. The Journal of the Institution of Engineers, Australia, Vol. 13, No. 6 of June 1941, p. 131 
Reviewed by J. KR. Suank 


The author makes a thorough mathematical analysis of the problem of determining 
the bending moments for a ribbed slab freely supported. The slab is fully continuous 
over the rib beams. The slab and rib beams are freely supported on the walls. ‘Two 


types of ribs are considered, steel I-beams and concrete T-beams 


Mathematical expressions are developed and constants are worked out and presented 
in tabular form, These tables are also expressed in the form of curves. Two problems, 
one with I-beam ribs and one with T-beam ribs are worked out in detail. These results 
are compared with similarly caleulated results for the case in which the deflections of 


the rib beams are assumed as zero, 


The bending moment for the ribs are only slightly less than those calculated for simple 
beam action for tributary loads for mid-span to mid-span of slab, The moments for the 
complete analysis taking into account the deflection of the rib beams, is the smallest 
of the three, about 80 to 85 per cent of the largest or rough simple beam values 


The bending moment in the slab for the short way continuous slab action over the 
rib-beams was very nearly the same for ordinary continuous beam action and for the 
more accurate analysis considering no rib beam deflection, but the bending moments 
from the analysis considering the deflections of the rib-beams was 60 per cent of that for 
ordinary continuous beam action for the steel I-beam rib construction and 75 per cent 
for the concrete T-beam ribs. The situation of most interest is the bending moment 
obtained for the slab bending parallel to the rib beams. The bending moments in the 
I-beam rib construction at mid-panel point and over the mid-span point of the rib- 
beams were nearly twice as great as any bending moment for the short span over the 


rib beams. 


The general observation from a design standpoint is that ordinary two-way supported 
slab computations are not correct for the long-way bending, that the deflection of the 
rib beams causes large bending in the slab. The author suggests that the main slab 
reinforcement be placed parallel with the rib beams, He says nothing about what might 
happen if no reinforcement other than temperature reinforcement were placed parallel 
with the rib beam or that a few cracks ar right angles to the rib beams might not cause 
any particular trouble, 
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Types of powdered stone in concrete road construction 


Wenner, Betonstrasse, 1940, 15 (1), 5-7 Road Abstracts. 1941, Vol. VIII, No. 5, p. 55, Londen 
Hiagnway Researncu ApsTracts 


German official specifications for the construction of concrete surfacings permit the 
addition of powdered stone in a proportion not exceeding 2 per cent of the total weight 
of the aggregates. Since the minimum proportion of fines in the mix is fixed at 3 per 
cent, the aggregates should themselves contain at least 1 per cent. The fact that this 
proportion is seldom present in river sand or washed sand calls for some modification 
in the specification requirements. Other German specifications demand from 3 per cent 
to 8 per cent of fines. Reference is made to the view taken by Hummel that the optimum 
proportion of fines depends on the type of cement. The author compares the properties 
of seven types of powdered stone in use in Silesia. The cements used in concrete sur- 
facings in this area are deseribed as “standard’’, as distinet from “road” cements, and 
the proportion of fines usually employed is 4 to 5 per cent. It has been found that 
higher and lower proportions result respectively in an undesirable amount of laitance 
and in the separation of water at the surface. Locally available types of powdered stone 
include trass, powdered basalt, Oderwalde sand, two types of hydraulith (a loeal basaltic 
tulsa) powdered himestone, and Thurament (a product similar to trass) \ series of 
comparative tests was carried out on concrete contaiming 617 Ib, of cement per cu. yd. 
with mixes containing 0, 3, 5 or 7 per cent of powdered stone. The properties tested 
included the compressive strength of cubes at 7 and 28 days, the bending strength of 
specimens 40 in. by 4 in. by 41n,. at 7, 28 and 90 days, and of specimens 28 in, by 6 in, 
by 4 in. at 2S days, and the shrinkage at 7 and 28 day, 3 months, and 6 months. The 
following conclusions were reached: (1) For the cement content employed the optimum 
proportion of added filler is usually above the official specified maximum of 3 per cent; 
the concrete is usually improved by increasing the proportion of fines up to a total of 5 
per cent. (2) The amount of shrinkage was greatest when powdered limestone or 
hydraulith was used, and was least with Thurament and trass. (8) The highest bending 
strengths were observed when the proportion of filler did not exceed 5 per cent, though 
the filler content of the shorter beams could in some cases be increased to 7 per cent with- 
out causing on appreciable reduction in strength, (4) The COMpressive strength wis 
lowest when limestone or sand was used, and highest with Thurament, trass and pow- 
dered basalt. 


Materials testing 


HW. J. Gurwxey, Gui \icneny and bk. O, BrenanmMan, tat bd, 185 pages illustrated MeCraw-thill Book 
Co,, Ine., $2.75 AuTHons’ nevinw (by ACT request 


Covers theory, practice and significance of physical tests on engineering materials 
Contains 12 chapters of text covering testing, testing equipment, and testing observa- 
tions; properties of materials; and chapters on specific kinds of tests such as tensile, 
compressive, shearing, flexural, column, hardness, impact, and fatigue Also covers 
use of strain gages and has an tmportant chapter devoted to the design, control and 
curing of conerete mixtures and another on experimental aids in stress analysis. There 
are 19 formal problems or experiments and 325 questions, largely of the “‘straw-man” 
type, designed to focus attention upon specific aspects, extensions and applications of 
materials testing, All such questions are answered and discussed, the actual coverage or 


scope of the book being greatly extended thereby, 


Throughout a close linkage is established with the work and publications of the 
ASTM and with the literature of such other organizations as the ACI, The scope 
exceeds that likely to be desired by any particular school but the book is intended to be 


inclusive in the sense that any institution may find therein all that it cares to use, or 
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can use within the limitations of the time and equipment available. The Preface 
and the Foreword to Instructors supply specific suggestions for selections and omis- 
sions to meet different situations. 


The chapter on concrete is original in concept and execution. Moreover, although 
highly condensed, it endeavors especially to introduce, define and illustrate the terms 
and the varied language and units of concrete for both the laboratory and the field. 
Thus one will find defined and numerically illustrated such terms and items as yield, 
voids, voids-cement ratio, water-cement ratio, cement-water ratio, solidity ratio, net 
water content, bulking, fineness modulus and surface modulus. Trial batch design, 
Lyse’s method for adjusting designs, expression of quantities by absolute volume, loose 
volume and by weight and corrections for absorption, free moisture, bulking and air 
voids are all covered and illustrated as are the effects of grading and maximum size of 
aggregate upon workability and economy of mixtures. Several experiments designed to 
illustrate both the adaptations and the limitations of current design methods and prac- 
tice, are outlined in detail, The treatment also includes mention of and definite refer- 
ences to such important recent questions as: tallows and resins in relationship to air 
voids and resistance to frost action; alkalies in cement as a possible source of disasterous 
interaction between the cement and certain coarse aggregates in concrete; and the latest 
ASTM specifications establishing as standard several different special-purpose 
portland cements. Additions and admixtures are mentioned and distinguished one 
from the other, 

The chapter on experimental aids in stress analysis covers much material not pre- 
viously available in a course of this kind, 

The book is well documented and thoroughly indexed so that any topic touched 
upon anywhere in the book can be located readily and any topic mentioned can be 
pursued further with a minimum of effort. The large page size, 8!oxll in. and the 
“open-flat”’ binding were selected to facilitate use in the laboratory where it is desirable 
that instructions be found and followed with little turning of pages. 

The book contains much material well suited to graduate work and to self study. It 
is also well adapted for use in defense training courses for men who have an elementary 


background in mechanics, 
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First Annual 
TECHNICAL PROGRESS SECTION 
FOREWORD 


In the discovery, evolution, and application of the progres- 
sive knowledge of the construction field, there are two 
cooperating groups of engineer-scientists. They are commonly 
regarded as distinct in their viewpoints. In theory, one 
of them has the professional viewpoint with its desire to 
serve the consumer directly or indirectly, while the other 
group represents commercial enterprise for the technical 
development of special materials, equipment, and = services, 
tactily accepting a responsibility to make its products serve 
the best engineering principles. Working from its special 
viewpoint each succeeds as it serves the same master—-the 


public interest. 


Keach group has something to sell to the other and members of 
both are often conservative and hesitant-—-about adopting 
new ideas in one case or new products in the other. Insofar 
as these two groups are identified with the field of concrete, 
\CL provides opportunity for viewpoints to meet in mutual 
respect and understanding. Neither succeeds without the 


other. 


In a man's own specialized field he is usually scornful of bally- 
hoo; he is alienated by overstatement, hy breezy generalities, 
by some of the highly imaginative commercial promotion of 
panaceas. The engineer-buyer, nurtured in the way of 
factual precision, is critically minded; he asks searching ques 
tions, looks for well supported facts, 1s cold to claims so 
sweeping that they insult his informed intelligence. But, 


Once sold, he hecomes a major influence in the adoption of a 
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better product or a better way. He holds the key to many a 
sale. If the product or service is good, there should be no 


delay about using it. 


In these broad statements is the basis of an Institute departure 
in commercial advertising policy. In them is the inception of 
the First Annual Technical Progress Section of the ACI 


JOURNAL. 


In the 48 pages of this Section of the JOURNAL, following a 
list of the participants, are their messages messages from 
leaders in developing, promoting and producing materials, 
equipment, and services in the field of concrete. They use 
this opportunity to say their say to the Institute's specialized 


audience. 


Institute endorsement is neither given nor implied. It has 
been the purpose of the Institute’s Publications Committee 
to encourage in these advertising pages (insofar as its sugges 
tions could be made effective) that type of well supported 
factual statement which might contribute to the prompt 
acceptance of methods, materials, and equipment which have 
something to add to the sum of progress in the Institute's 
held. Advertisers have caught the spirit of the occasion, the 
significance of the special opportunity, in) various ways 

often with that commendable sense of restraint which should 


impress intelligently critical ACT readers. 


The Publications Committee presents these pares to the 
Institute’s audience for consideration. Of their significance 
that audience will be the judge. Its judgment may help to 
show how to improve such an Opportunity as this, next time, 


in the Second Annual Technical Progress Section of the ACI 


JOURNAL, February 1943. 
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BLAW-KNOX DIVISION of Blaw-Knox Company 


Farmers Bank Bldg. + Pittsburgh, Pa._New York, Chicago, Birmingham, Philadelphia 


TRUKMIXER LOADING PLANTS 


Blaw - Knox Trukmixer Loading 
Plants include complete equipment tor 
OV erhead storage ol aggregate and 


bulk cement; also accurate weighing 
batchers (either manual or automat 
for measurement otf aggregates, bulk 
cement, water, and admixtures 


Many of these plants are made up ol 
an assembly of standard bin and batch 


ing units. Blaw-Knox also designs 
spec ial plants to fit spec ial requirements 
and conditions. Accuracy of propor 


tioning; speed, economy, and ease of 
operation, sturdiness and durability of 
equipment are stressed in the design ot 
Blaw-Knox Trukmixer Loading Plants. 





BULK CEMENT PLANTS 


Complete Blaw-Knox Bulk Cement Plants 
include equipment for unloading cement trom 





railroad cars or trucks, elevators for elevating 
cement into storage bins, the overhead storage 
bin, and weighing batcher equipment tor meas- 
urement of cement. 





They are ay ailable in a portable design whic h 
provides for easy and economical erection, dis 
mantling, and moving Blaw-Knox also fur 
nishes larger bulk cement plants where large 
overhead storage is required, or for several 
brands of cement 

The weighing batcher equipment ts either of 
the manual or automat type, designed for easy 
operation and extreme accuracy Phe storage 
bin equipment is sealed tor protection otf the 
cement against weather 





ROAD FINISHING MACHINES 
The Blaw-Knox tw screed tinisl 


for concrete paving t 


ports 1s arranged for utt st tlens lity 
in operation to take care ! varying 
textures of concrete The machine i 
eqhuipyp. 1 with SIX traction Spee 
forward and reverse and four creed 
speeds Screeds are adjustable f 
crown; also, screeds wit purck rown 
change device tor flattening crows 
curves for road paving are availabk 
Vibratory attachment for conecre 
paving are also available with the Blaw 
Knox Finishing Machin« Voce ri 
are available for use ft the Blaw-K 
Finisher mn higl type a phalt pavin 


nstruction 
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Phe 
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ated 


machine 
It prov 


thorough compaction of the con 


Kine Xx 


thus giving 


BLAW-KNOX 


CONCRETE SPREADERS 


i g Spreader has 
a nerete pay 
n regardle f whe 
4 1 tx eer € 1 
s ete tor the ‘ 
placing ot the mes 
ca he Ipy 
ete < nes 
‘ t « fir ng 
eading blade and fina 
l ‘ 1 ¢a a 
The Blaw-Kr 
“yy ander casily ma 
la par 
SPREADER-VIBRATORS 
ne is a combination 


Concrete P 
and vibrators 
Spreading the con 


aay 


a 


vibrating 
simultaneously 


slab and 
« 
Is one 


Man Oper 


1des a uniiorm and 


j } 
{ ; 


crete, a dense, sealed 
slab. No part of the vibrating 
equipment rests on the road 
forms, thus settlement of side 
forms with soft soil conditions ts 
not aggravated by the vibration 
CONCRETE BUCKETS 

Phe Blaw Kn x R ler Grate Conc ete Jucket Is advant 1K 
mixed concrete of any consistency The discharge gate cons 
pad mounted on anti-friction rollers This design of gate 
before discharge 
ot the complete 
load trom the bucket 
It is tight ind does not 
leak grout The dis 
charge pening at the 
bottom of the bucket 
is large, and the Hopper 
slopes are steep insu 


ne rapid and 


} 
discharge of 


crete These bux Kets 
arc avail ible in SIZCS 
ranging trom i vard 
to & cubic vard The 
buc Kets irc handled 
either by crane 


cableway 


complete 


drs 


con 
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} } 
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LEHIGH EARLY STRENGTH CEMENT 








x x x Develops service strength in one-quarter to 


one-half the time required for normal cement 


x x x Eliminates hazards incidental to long curing 


periods in cold weather 


k * x Provides an additional factor of safety for 


architects, engineers, and contractors 





Those in charge of construction should know the type of cement 
best suited for a given project under given circumstances. They 
should know what factors govern the design of concrete mixtures, 
and what combination of cement, aggregate and water gives em- 
phasis to such properties as strength, volume change, impermeability 


and weather resistance. 





» »« LEHIGH PORTLAND | 
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CONTRIBUTES TO PROGRESS 








te * * Form lumber costs cut 30 to 50 per cent 


* " * In cold weather, fuel and labor tor maintain- 


ing artificial heat for curing cut 30 to 50 per 


cent 
te te * Construction expedited 
* * » More uniform, better concrete 





To provide such information the Lehigh Portland Cement Company 
maintains a Service Department for field work, and a Modern Re- 
search Laboratory for chemical and physical research in cement 


and concrete problems. 


The services of these departments are available without obligation, 





CEMENT COMPANY « « 
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nH 
RE-MIXES, 
DEN IFIES 


SPREADS, STRIKES-OFF 


GH PRODUCTION OF SMOOTHER FINISHED, 
MORE UNIFORMLY TEXTURED SLAB 


25 Years Ago, the First Finishing Machine--Today, 
the Spreader-Finisher Combination -- 2". ..00e to Peet 


In 1917, The Lakewood Engineering Co. (now 
consolidated with The Jaeger Machine Co.) 
introduced the first mechanical finisher for 
pavements. In 1930 Jaeger-Lakewood produced 
the first vibratory finisher and followed a 
year later with the first mechanical concrete 
spreader. This spreader, replacing hand shov- 
elers, was developed for use with Jaeger 
side discharge truck mixers or ‘‘auto-pavers,"’ 
another exclusive Jaeger-Lakewood contribu- 
tion to paving advancement. 


Jaeger-Lakewood improvements in finisher de- 
sign, over 25 years, have kept pace with prog- 
ress toward bigger pavers, drier mixes. In 1940, 
when the Pennsylvania Turnpike faced the in- 
credible task of pouring the last 148 miles (4!/2 
million sq. yds. of slab) in 90 days, 25 Jaeger 
Concrete Spreaders and 24 high speed Jaeger- 
Lakewood Finishers made this world’s record 
possible. With this team, it is now possible to 
PAVE AS FAST AS YOU CAN POUR even 
where 34E dual drum pavers are used on half 
width work with concrete as dry as.!/2"’ slump. 





MAXIMUM FINISHING CAPACITY AND FLEXI- 
BILITY to meet today’s conditions are provided 
by 4 gear-selected speed ranges of travel, in- 
dependent gear-selected screed speeds, smooth, 
positive 4-wheel drive and hydraulic screed 


FORM TAMPERS (do 6-8 man job in '/, day) 
equipment), BITUMINOUS PAVERS, 


BITUMINO 


Contributions To Paving! 


lifts. Complete transmission mounted in front 
where operator controls any function by single 
direct lever movement. Telescopic frame per- 
mits 4 ft. built-in width change. Spring cush- 
ioned, fully enclosed screeds, wider end shoes. 
Quick crown change, telescopic transportation 
unit. Write for Catalog. 


The Original Successful Vibratory 
Method—18" Bulinose 
Front Screed with WT 
Vibratory Motors i 


Gives DEEP 
INTERNAL vi- —S 

bration to mass | -. - 7@ im as 
of concrete 2 eg ee ca < 
ahead of and j.°°..°.:2:s0 5: 7 
under screed— {|.°.:° °.:°': oe 
not mere sur- 

face vibration. Proven by 12 years’ use during 
which this Jaeger-Lakewood method has un- 
failingly met every test by Highway Depts. 


Spread 
Any 
Standard 
Width, 
9 to 25 
Ft. 





JAEGER SPREADER 


cuts cost and eliminates 
bottleneck of hand shoveling, enables dual 
drum paver and finisher to work at capacity 
..+ Only Spreader that guarantees against 
segregation (screw positively remixes, densi- 
fies and compacts). Strikes off for both mesh 
and top course. Write for Catalog. 


EXTRA GAUGE ROAD FORM (to support today's 


SPREADER-FINISHERS, ADJUSTABLE STONE 


SPREADERS, MIX-IN-PLACE ROAD BUILDERS, MOBILE AUTO-PAVERS. CONCRETE AND BITUMINOUS 
MIXERS, SURE-PRIME PUMPS, CONTRACTORS’ HOISTS. COMPLETE CATALOGS SENT ON REQUEST. 


February 1942 
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Jaeger Research Has Improved the Quality of OVER 
50,000,000 CU. YDS. of TRUCK-MIXED CONCRETE 


MORE THAN 1400 JAEGER TRUCK MIXERS DELIVERED FOR DEFENSE 
WORK IN THE PAST 12 MONTHS Emphasize the Economic Importance 
of this Mobile, Flexible Type of Mixing and Placing Plant and the 
Importance to You of 2 Factors Affecting the Quality of the Product 


(1) POSITIVE REVERSING ACTION, | 7 

j 5 ‘. A 
with THROW-BACK Blades, Proven Es iNew 
sential to Fast, Thoro, End-to-End Mixing 





if 4 
To perfect and prove the most efficient drum ese } 
design for transit mixing, The Jaeger Machine ’ ‘| ; ' t)\ 
Co. engaged Prof. S. C. Hollister (later Presi- feos ; 
dent of the American Concrete Institute) to { VY 
study all factors. The Hollister Tests, cover- J 


ing more than a year and including over 2000 
cylinders plus wet analysis studies, not only 
determined the present shape and mixing 
blade arrangement of the Jaeger drum but " . 
also demonstrated the absolute necessity for as 


Throw-Back Blades to obtain a satisfactory teeicient MECHANICAL MIXING results from this 
end-to-end mix of materials regardless of 


slump. The positive reversing action of these exclusive combination of 5 factors: Short, large 
hein, as used exclusively by Jaeger. ex- diameter drum, 45° cones at both ends, continuous 
plains in large measure the proven higher spiral mixing blades (A), throw-back reversing 

ality of concrete and faster mixing action blades (B). and dual revolving Wales sprays (C) 

a Eid d providing rapid, uniform distribution of water from 
produced by the Jaeger drum. end-to-end of drum. Comparisons with official 

Jaeger has applied the principles demonstrated studies prove that 40 revolutions of this drum pro- 


in the Hollister Tests to every later model ce- duce a more homogenous concrete than is ob- 


veloped to meet new specifications—a modern tained in their normal mixing time by standard 
- truck mixer tested to a scientific standard. paving mixers. 


(2) TOP LOADING—Advocated by Jaeger as the ONLY Practical Insurance Against 
the Abuse of Over-Loading (95° of All Jaegers are Exclusively Top Loading) 


At one time the Jaeger tilting drum building mixer, 
loading and discharging thru the same opening, rep- 
resented a business of over $2.500.000 a year. It later 
fell into disfavor with engineers and was banned by 
more than 40 State Highway Depts. for only one rea- 
son—the ease with which such a drum can be loaded 
beyond good mixing capacity. For this reason we 
abolished our original end-loading type of truck mixer 
in 1930 in favor of a top loaded drum which, because 
of the coneing of materials. automatically insures the 
ratio of void space needed for proper mixing. 


Since 1930 all standard Jaeger Truck Mixers or Agita- 
tors, whether conventional or high discharge type. 
have been exclusively top loading. In 1940 we sub- 
stantially increased drum sizes to 
permit ribbon loading thru the top 


to the full capacity of present 
te | 










PROPERLY 
DISTRIBUTED 





day trucks, thus further discour- 
aging use of end charging , 


THE RIGHT WAY TO LOAD HIGH devices for overloading. 
DISCHARGE DRUMS 





Specifically for old 


Fully batched in one quick drop. Mate- = or temporary 
rials properly distributed. Ample void ins not equipped 

- : a for modern ribbon 
space remains—a factor of safety to insure 


loading. Jaeger pro- 


proper mix irrespective of gradation, con- vides this end load- 
sistency of mix or the variations due to ing attachment. Its 
the human element. use is limited. 


THE JAEGER MACHINE COMPANY, COLUMBUS, OHIO = 6)""'Psvfors in 


Over 120 Cities 


—— nani 
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TDA 


A CATALYST DISPERSING AGENT 


We are taking this opportunity to present to the members of the American 
Concrete Institute some hitherto unpublicized facts pertaining to the bene- 
ficial effects of TDA on the quality of concrete. For the past eight years 
TDA has been recognized as a powerful grinding aid and has been used 
largely for this purpose by the cement industry. However, a few large 
cement consumers have as a result of their investigations, recognized its 
quality benefits and specified it. In 1941 alone, a total of over twenty 
million barrels of portland cement were ground with this catalyst-dispers- 
ing agent. We feel, therefore, that it is of timely interest to the concrete 
engineer to know what TDA is and why it is instrumental in improving the 
quality of concrete. 


TDA is a catalyst and dispersing agent for portland cement. By defini- 
tion, a catalyst increases the rate of chemical reaction without itself being 
consumed. TDA as a catalyst increases the reaction rate between portland 
cement and water without changing the end products of the reaction. The 
catalytic effect of TDA is enhanced by the dispersing action of TDA which, 
by minimizing agglomeration of the particles of cement, exposes more 
cement surface to reaction with water. Since dispersion is a purely physical 
phenomenon, the end product of the reaction is again unchanged. 


How TDA works is illustrated by the microphotographs in Figure 1, 
which were taken of cement paste at the end of one hour and fifteen minutes 


IDA 





FIGURE 1—Microphotographs of cement pastes, with and without TDA, made with 
a Leitz Ultropak reflecting light microscope. Paste 24% N. C 





*TDA is a mixture of triethanolamine salts and highly purified soluble calcium salts of moditied 
lignin sulfonic acid 
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of hydration. Note that the blank cement paste shows a large number of 
dark spaces between the agglomerates, indicating voids due to lack of dis- 
persion, with gelation just around the surface of the agglomerates. In the 
case of the TDA cement paste, however, water voids are negligible with 
practically complete gelation of the individually dispersed particles of 
cement as indicated by the absence of dark areas. 


From the foregoing theoretical considerations, it follows logically that 
the combined effect of catalysis and dispersion produces more homogeneous, 
less permeable concrete having greater resistance to weathering. The fact 
that a better concrete does result from the use of TDA is indicated by the 
data given in Figures 2, 3 and 4. These are typical average results. Further- 
more, this is accomplished at no sacrifice of other desirable qualities of 
concrete such as strength, bond to steel and density. 


Due to lack of space, it is impossible to present in full the substantiating 
data obtained by many outstanding laboratories in the United States. We 
invite anyone who is interested in a particular phase or phases of the data 
to write us for further information. 


FIGURE 2-EFFECT OF TDA ON DURABILITY OF CONCRETE 


Treated and untreated cements made from same clinker 


RESISTANCE AS MEASURED BY YOUNG'S MODULUS RESISTANCE AS MEASURED BY LINEAR EXPANSION 
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YCLES OF FREEZING AND THAWING 


As already noted we have until recently advocated TDA largely as a 
grinding aid and have given little emphasis to its beneficial effect on quality. 
The optimum amount of TDA required as a grinding aid has been controlled 
entirely by the economics of the case, the main objective being to effect a 


decrease in grinding cost. The intergrinding of TDA for this purpose 
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increases mill production rate as shown in Figure 5 but also has the incidental 
advantage of making the TDA an integral part of the finished cement so that 
its use entails no added care at the concrete mixer. 


Now however, some consideration is being given by the large cement 
users to the possibilities inherent in the use of cement additions, particu- 
larly the foam producing types which entrain excessive air, to implement 
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their usual techniques and procedures in order to obtain increased worka- 
bility, as for example in pumped concrete. In this connection, TDA when 
interground in the amount of 34 lb./ bbl. of cement, will give unparalleled 
increases in workability with no sacrifice in strength or bond, or without 
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FIGURE 5—TDA PERFORMANCE CURVE 


entraining the excessive air, the other qualities being still further improved. 
The use of this amount of TDA at a cost of 6-8 cents per cubic yard will in 
general reduce the water cement ratio 15%. 


Since TDA is a product of research, we feel that the reader will be inter- 
ested in the cement and concrete laboratory of the Dewey and Almy Chemi- 
cal Company in which TDA was developed and which is open to members 
of the American Concrete Institute and other concrete engineers. It was in 
our laboratory that the possibilities of applying the principle of colloidal 
dispersion to portland cement were first investigated, which investigation 
finally culminated in the combining of catalysis and dispersion in order to 


i 


obtain best results. 


The physical testing laboratory and the concrete curing room are illustrated 
in Figures 6 and 7. The laboratory covers 4000 square feet of floor area, and 
is air conditioned throughout to assure uniformity of results. It contains the 
most modern equipment. The method for subjecting specimens to alternate 
cycles is unique in that various full size rooms are available having tempera- 
tures of +32, +5, —5 and —20°F. 
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At present more than 50% of the laboratory's time is devoted to pure 
research, including over two years of investigation of various air entraining 
agents. This research has in many instances resulted in the development of 
new apparatus to meet special conditions such as the latest innovation, a 
workability apparatus for tremie concrete. 


FIGURE 6—Part of Physical Testing Laboratory 





FIGURE 7—Part of Instrument Room Showing Sonic Vibration Apparatus 


However, TDA has long since passed the experimental stage as indicated 
by the cumulative sales curve given in Figure 8. At this time TDA is the 
only material permitted without restriction in the manufacture of portland 
cement under the American Society for Testing Materials specifications. Its 
acceptance by the cement consumer is attested to by the recognition accorded 
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it by the largest organized users of portland cement in the United States. 
For example, a large percentage of the cements used in Grand Coulee, Mar- 
shall-Ford, Shasta, Mahoning and Loyal Hanna dams was interground or 
is being interground with TDA either by permission or specification. TDA’s 
performance has justified the recognition given it. 


We wish to emphasize that TDA is not a cure-all. It will not compensate 
for improper workmanship, poor design of mix, or slipshod control. It 
will however, produce varying degrees of improved workability, depending 
upon the amount of TDA used, without sacrifice of strength, bond to steel, 
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or other desirable properties of concrete. It will, even in any of the lesser 
amounts commonly used as a grinding aid, increase the durability of struc- 


tural concrete. 


DEWEY AND ALMY CHEMICAL COMPANY 


CAMBRIDGE, MASSACHUSETTS 
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THIN SHELL CONCRETE ROOFS 











a a RSS 

LESS STEEL with BALANCED DESIGN 

Total weight of reinforcing only about 13 to 4 of amount required 

for comparative structural steel design. 
CONSTRUCTION SPEED and LOW COST 

Smooth underside of roof permits formwork to roll on own wheels 

for many reuses and remarkable savings in cost. 
GREATER SPANS for MORE USEFUL SPACE 

Beam action of curved roof utilized to save materials. 

Fewer columns and improved lighting and ventilation. 
ADAPTABILITY and PERMANENCE 


Defense plants, warehouses, hangars, ete., built with speed and 
economy. Less vulnerable to bombing, sabotage and fire. 





ROBERTS AND SCHAEFER COMPANY 
ENGINEERS 
307 North Michigan Avenue, Chicago, III. 


Eastern Branch Office: 2017 “S” Street, N.W., Washington, D. C. 
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BESSER VIBRAPAG Srrirrcas 


Undirectional Vibration for compacting concrete blocks (Flam and Besser patents) com- 
bined with Besser patented principle of making all sizes on one set of plain pallets. 














Besser Super 100% Automatic Plain Pallet Vibra- Power offbearing hoist — One 
pac. Capacity 600 8” x 8” x 16” blocks per hour, man offbears 600 8” blocks per 
made 3 at a time on one plain pallet. Smaller hour. No lifting—Simply guide 
units made in multiples of 4 to 32 (brick) on the the hoist. 


same pallets. 


In the following localities from one to seven Besser Vibrapac 
equipped plants may be seen in production operation. Names 
of nearest operators and literature on request. 





Vertical 
ALABAMA MARYLAND OHIO—Contd 
Birmingham Baltimore Cleveland P 
Alabama City Bladensburg Toledo 
CALIFORNIA MASSACHUSETTS Lima 
‘hidkedad einer Watertown Springfield 
TURAL Ry MUR wise Los Angeles Mediord OKLAHOM 
CONNECTICUT MICHIGAN Lawton 
t d il mi) " \! mu oo Petroit PENNSYLVANIA 
| DELAWARE Lansing Philadelphia 
, Back Wilmington Alma Pittsburgh 
DIST. OF MINNESOTA T NESS 
and COLUMBIA Minneapolis t NNESSEE 
F rth Daisy 
° Washington a ged Jackson 
aarp duluth r= 
FLORIDA n VIRGINIA 
Miami MISSOURI Richmond 
Scientific Recording of undirect-  !LLINOIS new ity WASHINGTON 
ional vibration as utilized under Pa ee NEBRASKA seattle 
Flam and other patents, and Champaign QOnohe ow Being INIA 
patents pending, on Besser Vib- Peoria NEW JERSE) _ 
- JERS wit c| 
rapac Plain Pallet Stripper: Rockford Morristown ISCONSIN 
. INDIANA | adiveres Milwaukee 
Photograph shows vibration im indianapolis ; Racine 
> A 
pulses for one second as re- Hammond — soe ; ———. 
ity auClai 
corded by light beam on motion ©29 Sete 
IOWA (fn CANADA 
picture film, magnified nine times. Se eeaaes Albany Rect Aiea 
a Rochester 4 
Undirectional vibration under KENTUCKY fr mace Quebec 
Flam patents was used to make Louisville Buffalo CANAL ZONE 
the first vibrated blocks ever LOUISIANA OHIO Balboa 
made ona _ production basis and Baton Rouge Columbus PUERTO RICO 
sold commercially Bossier City Cincinnati San Juan 


BESSER MANUFACTURING COMPANY 


COMPLETE EQUIPMENT FOR CONCRETE PRODUCTS PLANTS 
800 42nd Street ...-. - - . Alpena, Michigan 
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A Five Year Service Record 





REILLY PLASTUVIA Fitter 


Does Not “Pull” in Summer nor Chip in Winter 


@ After five years of service in the busiest street in down- 
town Indianapolis—under alternating stress of severe 


winter and summer weather conditions— the PLasTuviA 
joints in this concrete pavement are still tight and 
unbroken. There has been no pulling away from the 
concrete—no chipping—no shrinking—no cracks. 

PLASTUVIA is a waterproof coal tar filler which bonds 
firmly to brick and concrete, resists traffic pull, and per- 
manently fills and seals the openings between surfaces 
to prevent water damage. PLASTUVIA meets every re- 
quirement of a serviceable filler for concrete, brick or 
stone road joints and cracks. 


Further information on PLASTUVIA — also on REILLY 
Concrete Curing Compound — will be sent on request. 


REILLY TAR & CHEMI 


Me } 
. ) ing, | 


413 5 DAMEN AVENUE, CHICAGO, ILLINOIS 500 FIFTH AVENUE, NEW YORK, N.Y 


FIFTEEN+ PLANTS -TO 








COAL TAR 
PRODUCTS 


> aati 























CAL CORPORATION 


s, Indiana 


47. LOUIS PARK, MINNEAPOLIS, MINN 


Sas ; in fe J dn © ae 6 | 
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| mprovements in 


Stearns Joltcrete 


The Wisconsin University tests* re 
ported in 1939 clearly demonstrated 
the superiority of Stearns vibrated 


concrete masonry wall units over similar 
products of tamped concrete. All of 
the vibrated units tested were made on 


the Stearns Joltcrete Machine 


New Base Design 


To add to the recognized Stearns 
loltcrete principle of limited amplitude 
vibration under 


vibration pressure 


we are able now to announce a refine 
ment in machine desi yn that preserve: 
gained by limiting 


the mold and 


develops important new one 


all the advantage: 


the up-stroke of box 


Stearns engineers have introduced a 


resilient element in the base construc 
tion and have tested it out for months on 


machines operating in the field. 


All new No. 9 loltcrete machines 
have this new base construction and, 
in accordance with established Stearns 
p ylicy, the improvement is 
able for application to 
Joltcretes already in 


made avail 


ready such 


service 


This new fe ifure Is reported by con 
crete pr ducts manufacturers to have 
these advantage 


Stearns Manufacturing Co., Inc., 


the 


Block Machine 


that result in four distinct advantages 


Four Important Results 


1. A denser block—aggaregate:s 
are consolidated to a greater 
degree, making for greater 
block strength, greater moist- 


ure resistance. 


9. Machine parts under vibration 
have longer life, hence replace 
ment cost is reduced. 


3. Need for adjustment of ampli- 
tude is les: frequent fewer 
interruptions of production 


4 (Juieter operation 


Low Initial Investment 


Stearns 


Joltcrete Machines not only 
make 


superior wall units, but can be 
equipped for the economical production 
of miscellaneous shapes, such as the 
rip-rap units made for the Kingsley 
Irrigation Dam at Ogallalla, Nebr. All 
units made on the Joltcrete are low in 
cost not only because of the speed 
and economy of operation but 
because of overhead, as 
equipment is in 

cases only half that 
for other equipment of 
productive capacity. 


also 
the 
many 
required 
comparable 


lower 
investment in 
about 


> 1 Concrete Masonry Units Using 
Tamping and bration Molding Methods 
JOURNAL of Ame in Concrete Institute, N 


Adrian, Mich. 
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: 


Solved 


the VIBER 
WAY 








“200-Inch” Astrophysical Observatory of the California 
Institute of Technology, Palomar Mountain, California 

VIBRATION, the most destructive force known to nature, has now 
been made constructive by VIBER. The experience gained in concrete 
vibration* has led to the development of our present line of internal vibra 
tors so successfully used all over the world. 


*First used on the Santa Barbara Courthouse in 1926. 


The Flexible Electric Vibrator, illus- 
trated, is one of a full line of flexible and 
semi-rigid vibrators-—electric, pneumatic 
or gasoline powered——built for every type 


of job. 











CONCRETE VIBRATORS 
726 SOUTH FLOWER STREET BURBANK, CALIFORNIA 
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VACUUM CONCRETE 





























6000 T T T 
| 
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TIME IN DAYS NET WATER CEMENT RATIO BY WEICHT 
Strength-Age Relationship Strength-Water Relationship 


Significant curves for plain and Vacuum-Processed Concrete developed 
by U.S. Government Tests 


VACUUM CONCRETE Process is a simple, practical method for removing from 
concrete, after it is placed, from 5 to 8 gallons of water per cubie yard. 

METHOD OF OPERATION (As soon as one end of a pour is concreted, a line of 
3’ x 4° suction mats is placed as shown in photograph below, and connected to 
a mobile Vacuum pump capable of handling up to 1000 cu, ft. of air per minute 
at 20” vacuum. Evacuated water is trapped for disposal before reaching pump. 
After 4 to 10 minutes (depending on thickness of slab) concrete is hard enough 
to walk on, and the entire line of mats is moved ahead, progressively covering 

and exhausting excess water from the entire floor area, Finishing can be started 
immediately behind mats 

EFFECTIVENESS. Process is effective for full depth of slabs of normal thickness 
&” to > ie 

ADVANTAGES in Quality, Speed and Economy can be demonstrated 

VACUUM CONCRETE Process has been used on more than 20,000,000 aq. ft., of slab in 


buildings constructed under the supervision of U. 8. Navy, War Department, Federal Works 
Agency, Ll. S. Housing Authority, and District of Columbia 


a - 
-—_— = ~* — ~~ 





VACUUM CONCRETE, INC. 
4210 Sansom Street, Tel. BARing 4545 Philadelphia, Pa. 
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15-YEAR PERFORMANCE RECORD 





COMPRESSIVE STRENGTH OF ‘INCOR’ CONCRETE 
T 












T TTT T T 7 

7000 ——~| Compression Tests of 6x12 inch cylinders ; made in| 4 
accordance with A.§.1.M. specifications. | 
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2000 : 
| 
c | 
51000 | 
a 6 ae 9 3 7 26 
Total Net Water - Gal. per bag cement. Age at Test -Days (log. scale). 


WATER CONTENT - STRENGTH RELATION AGE- STRENGTH RELATION 


BASIS OF PLANNED CONCRETING: Time required to attain service strength deter- 
mines the number of form sets needed for desired erection speed. By estimating con- 
crete costs in terms of time and forms as well as cement, it is easily possible to select 
cement to fit the job—using ‘Incor’ or Lone Star, whichever shows the lower cost under 


given job conditions. This is planned concreting—and it saves both time and money. 





bie a 
ae ASTM TYPE 1 & II ASTM TYPE til 
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PROVES BASIC ADVANTAGES OF 
Planned Concreting 


SELECT C EME NT eke years ago it took con- 
crete a week or more to attain 
TO FIT THE JOB service strength. In 1927, ‘Incor’ 
24-Hour Cement was introduced, 

eliminating unproductive time waiting for Concrete to harden. 


Mixed with 6 gal. water, ‘Incor’ produces 2000-lb. concrete in 24 
hours. That permits early stripping and faster form re-use, cutting form 
costs 50% or more. ‘Incor’ also simplifies winter Construction, saving 
60% in heat-protection expense and reducing freezing risk. Concrete 


becomes a ready-to-use, year-around building material. 


‘Incor’ produces strong, watertight, wear-resistant concrete with 
only 24 to 48 hours curing. Fifteen years’ field performance has demon- 
strated durability and high ultimate strength as well as reliable high 
early strength. 


Compare ‘Incor’ savings against its extra cost. Select the cement 
which shows the lowest concreting cost under given job conditions. 
Let form, time and curing costs—and, in winter, heating costs—deter- 
mine whether to use Lone Star or ‘Incor™*. 


Construction economies—both time and money—are all-important. 
Planned concreting saves days—and dollars. *Reg. U. S. Pat. Off. 


»YMBOL O F QUALITY EVER SINCE i900 





LONE STAR CEMENT CORPORATION 
342 Madison Avenue, New York 


Offices: Albany ¢ Birmingham -¢ Boston ¢« Chicago ¢« Dallas 
Houston « Indianapolis « Kansas City « New Orleans *« New York 
Norfolk «¢ Philadelphia ¢ St.Louis © Washington, D.C. | 
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RICHMOND PRODUCTS 


CORRECTLY ENGINEERED TO SAVE 
TIME AND LABOR ON YOUR JOB! 
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FOR aL Form-Work 
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wd TYLOOP ty ) ' +9 Wire, 6 strands for '/y 
= ¥en 5000 # 10 strands for ¥, 
o eee | Y, 5000 # Heavy Foundations—Small Bridges 
=z a 
—_— — 
> a V/" Waterseal 5000 # Wotertight Structures 
= oe 
| TYSCRU 7 Yq 9000 # Large Gridge Structures 
' Lvs LWWvy } 2 Strut 14000 # Massive Piers & Doms 
PS eS 
; —_~ 
Sy) 1. 4 Strut 25000 # Steel or Heavy Timber Form Work 
Von 4 1500 # * Form & Scaffold Anchorage 
i rT ) 
¥, x6 1000 # * Form & Scatfold Anchorage 
TYLOOP —— 
Ir )) VY," Flared 2 Strut 9000 # * Light Lift Form Anchorage 
ro Op . ) 1 Flared 4 Strut | 14000 4° Heavy Lift Dam Form Anchorage 
Oo 7 
_ CRIMPED Wy x 22 S000 #* | Tyscru Anchorage to Concrete 
- 
ua 7 ; 
j oa ANCHOR — Y, x 27 9000 # Tie Downs to Concrete 
' 
wo DOWEL 1232 14000 # * Lift Form Diagonal Tie Anchorage 
' = 
a SWEDGED Vy x 28 5000 # * Tyscru Anchorage to Rock 
' oO 
i mz | 15° ANCHOR "iiecdeiabiaiiiiine Y, x 33 9000 # * Lift Form Anchorage to Rock 
' oO ’ 
: = DOWEL 1» 38 14000 # * Tie Downs to Rock 
<x 1 
1 14000 # * Invert Form Anchorage 
' RICHMOND 
SCREW OOO 1g 21000 # * Heavy Form Anchorage 
i ANCHOR Wy 12000 # * Cantilever form Anchorage 
' 
wo Vy 6000 # ** Heavy Slab Form Support 
haa 
o TYHANGER Y, 10000 #** | Bridge Deck Form Support 
—_ 
on ak d } 20000 #** | Pier & Dock Form Support 
Qa . 
| "Vy 1800 # fireproofing Manger 
oo HANGER.TY - — 
' = lh V4 2500 ¥# light Deck form Manger 
| ow . 
mz | HANGER FRAME cc? ‘ep Vy 6000 #** | Flat Slab Form Hanger 
— 
xr FASCIA HOOK (= a “Vy Boo wrt? Fascia form Te 
i 
' ry j TTYoial Tood on both legs of | “Gpronal at 1200 
i 2000 Minimum concrete assumed vial load on both legs of hanger plional ot 12004 
j 
' 


SCREW ANCHOR CO., INC. 


816-636 LIBERTY AVENUE * BROOKLYN, NEW YORK erie cow 
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WAREHOUSES BY. 


~i i 


Concrete is pumped in place by two Rex 
Pumpcretes on the floors for a new United 
States Quartermaster’s depot—a job entailing 


52,000 cu. yds. of Pumpcrete-pumped concrete! 


E HAVE always said that the Rex 

Pumpcrete was a “natural” for 
most concrete jobs—because it sim- 
plifies the job of placing concrete in 
dificult form work—because Pump- 
crete permits a snappier, more orderly 
job progress— because Pumpcrete saves 
the money and time formerly spent in 
erecting and operating buggy runs, 
chutes, hoists, towers and other old- 
fashioned equipment. 





CHAIN 


BELT 


Today, speed is the essence of every 
job—and speedy placement of concrete 
is one of Pumpcrete’s biggest advan- 
tages—placing on many jobs up to 65 
cu. yds. per hour with one machine. 

Before you bid on any defense con- 
tract, take a look at Pumpcrete. See it 
first in the book, ‘““Why and Where to 
Pump Your Concrete.” To get your 
copy, simply write 1713 W. Bruce 
Street, Milwaukee, Wisconsin. 


THE PUMP THAT PUMPS CONCRETE 


Sizes for Pumping from 15 to 65 cu. yds. per hour 


COMPANY OF 


MILWAUKEE 
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Finishing 
Machines 


and 


Joint Installing 
Machines 





RIBBON DUMMY JOINT SHOULD 
AND WILL LAST AS LONG AS 
THE ROAD—MAINTENANCE IS 
SELDOM (OR NEVER) NEEDED 





Ask for detailed information 


FLEXIBLE ROAD JOINT MACHINE CO. 
WARREN, OHIO 
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PAPER 77—HIGH EARLY STRENGTH CONCRETE 


RESEARCH and FIELD DATA 


THE CALCIUM CHLORIDE ASSOCIATION, 4145 PENOBSCOT BLDG., DETROIT 





The Use of Calcium Chloride as an Admixture in Concrete 
for High Early Strength and Low Temperature Protection 


Calcium chloride incorporated in concrete, in accordance with the Standards 
of the American Society for Testing Materials, C82—that is, either in the 
dry form placed in with the aggregates, or as a solution included with the 
mixing water—offers particular concreting advantages. The principal ad- 
vantages—attainment of equivalent early strengths in half the time ordinarily 
required, as well as greater ultimate strength—have been established through 
extensive investigations conducted by the National Bureau of Standards, 
Public Roads Administration, Portland Cement Assn., Ohio State University 
Experiment Station, and many state highway departments; together with 
over 25 years of practical field use. Supplemental benefits include improved 
workability, control of moisture, and volume changes. 

In summarizing studies conducted on some 75 portland cements (standard, 
high early strength, white, and experimental—covering every practical range 
in composition) the National Bureau of Standards concludes: ‘Integral 
use of calcium chloride is effective in accelerating the curing of all cements . . 
concretes with calcium chloride have greater strength than the plain concrete 
at all ages tested . . . calcium chloride not only greatly increases the early 
strength, but also appreciably increases the three year strength of the concrete.” 

Early Strength Concrete: At one day (70°F. curing) the average strength of 
concrete (1-2-4 by wt. 61% gal. water per bag) with two per cent calcium 
chloride was 114% higher than the average strength of plain concrete, at three 
days this increase was 62%, and at seven days 29°. (Research Paper 782, 
National Bureau of Standards.) 

Low Temperature studies on similar concretes stored at 20, 25, 32, and 
40°F temperatures immediately after molding were recently reported by the 
National Bureau of Standards to the Highway Research Board. Briefly 
these data in Table No. 1 show the following: 

Plain concrete stored at 20°F. although initially at a temperature of 70° was 
frozen and developed no strength throughout the 28-day test period; however, 
calcium chloride in concrete provided cold weather protection as evidenced 
by the consistent gain in strength. 

At 25°F. the 2 and 3-day strengths of mixes containing calcium chloride 
approximated the 28-day strength of plain concrete. 

At 32°F. the 1, 3, and 7 day strengths of mixes containing calcium chloride 
approximated respectively the 5, 7, and 28-day strengths of plain concrete. 

At 40°F. the 1 and 3-day strengths of concrete containing calcium chloride 
respectively approximated the 4 and 7 day strengths of plain concrete. 

The value of using calcium chloride when placing concrete during low tem- 
peratures may be appreciated when the rate of acceleration of strength develop- 
ment of the concrete is noted as shown in Table 1. This development of 
early strength in concrete with assurance of high ultimate strength is a most 
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important factor in concrete construction and of particular importance in 
the present defense program. 

In addition to the early strength benefits from the use of calcium chloride it 
is also recognized that the ultimate strength of concrete as well is noticeably 
increased, as shown from the following table from the report of the National 
Bureau of Standards. (See Table 2.) 

After years of investigation and tests by the California Department of 
Highways a report (Thomas E. Stanton, Nov. 1940, Journal Am. Con. Inst.) 
states: “With 2% Calcium Chloride the average strength increased from 
4030 at 28 days to 6045 psi. at five years and 7700 pounds per square inch at 
11 years” (126% of the standard). The report states: ‘Calcium chloride 
incorporated in the mix with the mixing water is apparently effective in 
maintaining a higher moisture content requisite for continued hydration and 
higher strength.”’ 

Use: At freezing temperatures and lower, the amount of calcium chloride 
used may be increased from two per cent by wt. of cement which is generally 
specified, to three or four per cent according to the intensity and expected 
duration of the low temperature. At temperatures below 70°F. 2 lb.; 70° to 
90°F. 1.5 lb.; above 90°F, 1 Ib. 

Data. Additional data by Bureau of Standards, Highway Research Board, 
Portland Cement Assn. and others may be had in Bulletin No. 28 issued by 
The Calcium Chloride Assn., 4145 Penobscot Bldg., Detroit, Mich. 


rABLE I—COMPRESSIVE STRENGTH OF CONCRETI 
From the report of the National Bureau of Standards 
Specimens: 6 x 12-in. cylinders; Mix: 1:2:4 weight: Water content 614 gals. per sack. 


Aggregate: Fine, Potomac River Sand; Coarse, Potomac River Gravel; Cement, Cement ‘‘C,”’ Standard 
Portland 


Calcium 
lemperature Chloride Compressive Strength in lbs. /sq.inch 
‘y Pet -_ - 
Commercial 1 Day 2 Days 3 Days 7 Days 28 Days 
20 0 0 0 0 0 0 
2 200 100 430 550 730 
; 320 1S0 710 820 1320 
4 500 700 TSO 830 1370 
25 0 0 SO 100 510 1130 
2 350 S70 1250 1970 2470 
3 470 1030 1270 1990 2810 
1 550 1070 1310 2000 3030 
32 0 100 210 470 1530 3150 
2 130 1030 1550 2660 3610 
3 750 1370 1690 2790 3730 
1 700 1380 1710 2890 3730 
10 0 170 110 700 2100 3780 
2 950 1520 2130 2710 3980 
} 1180 IS1LO 2220 2790 4110 
TABLE II 


INCREASE IN COMPRESSIVE STRENGTH OF CONCRETE Dvr To THE ADDITION or 2 Percent oF COMMERCIAI 
Ca.icium CuLoripe—-From a Report by Paul Rapp 


Age of Test Portland Cement Assn District of Columbia National Bureau of 
Standards 


percent percent percent percent 
1 day sO 114 
2 days is 52 

3 days 465 62 
7 days 25 21 20 
28 days 7 14 
90 days 7 7 

l year 12 Ss 
3 years 0 
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JACKSON VIBRATORS 


DEPENDABLE EFFICIENT ECONOMICAL 





HERE’S WHY: Jackson Concrete Vibrators are the product of 24 years of 
experience in the manufacture of high frequency vibratory equipment. Improve- 
ments in design, materials, and construction have been made continuously in this 


HS-Al1 Hydraulic Concrete Vibrator 


Operated by light oil pumped through neoprene 
lined, rubber-fabric covered hose line 34 feet long 
to displacement type hydraulic motor in vibrator 
head. Manual valve on power plant adjusts fre- 
quency, as desired, from idling to top speed of 7,000 
V.P.M. No lubrication problem — all moving parts 
operate in the hydraulic medium (oil). Vibrator 
head 234,” diameter, standard. Gas engine, air- 
cooled, 4.7 H.P. Choice of defense contractors ~ 
one hundred in use on Pacific Naval Air Base con- 
struction alone. Write for Form HYD-1141. 


WS-4 Portable Power Plant 


110 volt, 60 cycle A.C.—three phase or single phase. 
Capacity—2 K.V.A. (approx. 2000 watts). Husky, 
lightweight, small. Right for job lighting, running 
vibrators, saws, drills and like tools. No fussy con- 
trols or gadgets. Air cooled 4.7 H.P. gas engine — 
lots of power in a small package. One of several 
Jackson Portable Power Plants. Write for circular 
WS4-141. 





SC-4A Vibratory Hand Screed 


For slab, deck, floor, ramp, walk, or highway paving where use of a hand screed is indicated. 
Any wood plank can be used up to 20 ft. long. Handles quickly attached and detached, of 
welded tubular steel, cushioned to prevent transmission of vibration to operator. Vibratory 
motor mounted to side of plank as illustrated. Power required 110 or 220 volts, 3 phase, 
60 cycle A.C. Specify voltage. Other types of screeds available for a variety of applications. 
Write for data. 


ELECTRIC TAMPER & EQUIPMENT CO. 
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JACKSON VIBRATORS 


DESIGNED RIGHT BUILT RIGHT WORK RIGHT 





pioneer line. Thus, you can select or specify a type correct for your application 
with assurance of obtaining a vibrator that will perform properly under your job 
conditions. Your Jackson selection has qualified on many similar projects. 


Vibratory Paving Tube—Models PT-200A and PT-200B 


FOR SPEEDY FULL WIDTH AIRPORT AND 
HIGHWAY CONCRETE PAVING. Up to 25 ft. 
widths. Submergible dual tubes energized by power- 
ful vibratory motors quickly transform harsh mixes 
to plastic state. Assures complete compaction—easy 
finishing. Cement savings up to 10% through re- 
duction in W/C ratio. Attaches to any modern 
finisher. Variable frequency 3000-5000 V.P.M. 
Finger tip controls. Write for Jackson Vibrators, 
Inc. folder PT-440. 





FS-6A Gas-Driven, Flexible-Shaft Concrete Vibrator 


Fast. Driven by 3 H.P. air-cooled gas engine. Automatic clutch, V-belt drive. Countershaft 
has oilite bearings. Turntable base, dirtproof. Optional wheelbarrow with drop down lifting 
handles. Spring steel wire flexible shaft with hard- 
ened end fittings and drive. Rubber-fabric casing 
with synthetic rubber lining and flexible metallic 
liner. Streamlined coupling 31/2” long—13,,” diam. 
of bar steel — cannot be broken or distorted. Vi- 
brator head 234” diam. x 18!/,” long or 143” x 17”. 
Frequency 7000-7200 V.P.M. variable with length 
of shaft and concrete consistency. Extra attachments. 
Write for Form FS-GA-1141. 





FS-5A Electric-Driven, Flexible-Shaft Concrete Vibrator 


Frequency 7000-7200 V.P.M. Shaft, coupling and 
vibrator head same as FS-G6A. Powered by 110 volt 
A.C.-D.C. Universal motor, rated 7/4, H.P. at 7000 
R.P.M., fan cooled. Bowl type base, slides easily. 
Regular shaft lengths —7, 14 or 21 ft. Request 
Torm FS-5A-1141 for details. 





LUDINGTON . ° . MICHIGAN 
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HELTZEL Accurate - Dependable Weighing Batchers Are Used 
for All Types of Concrete Construction... Highways... Air- 
port Runways ... Concrete Buildings . . . Block Plants . . . Dams 
... Sewers... Tunnels ... Subways... Arsenals, etc. CAN 
BE ARRANGED TO DISCHARGE INTO BATCH TRUCKS... 
TRUCK MIXERS ... AGITATORS .. . CONCRETE BUCKETS 
... STATIONARY MIXERS . . . PUMPCRETE HOPPERS, etc. 


MANUAL - AUTOMATIC or INTERLOCKED CONTROLS 


WRITE FOR COMPLETE INFORMATION 
AND DESCRIPTIVE LITERATURE 











UNIVERSAL 
BATCHER 


COMBINATION BATCHER 


Interchangeable Hoppers for either Batch For Batching ALL Aggregate and Cement 
Truck or Mixer Charging. in One Operation. 





TRUCK MIXER HELTZEL 

2 or 3 Compartment Batcher Used where BATCHERS DUSTLESS 
Specifications Call for Material to be 2 to 6 cu. yd. BULK CEMENT 

Separated. CAPACITY BATCHER 


BULLETIN C-37 


MELT ZED wissen ome usa 











; 
t 
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DURABLE CONCRETE FLOOR SURFACES 


Recommendations and specifications for this type of floor 
call for the use of low water-cement ratio mixes using graded 
aggregates, which give high strength, water-tightness, resistance 
to wear, allow leaner mixes, and prevent segregation, assuring 
coarse particles at the surface to take the wear. 


References are made to Institute Journals for March 1930, 
November-December 1934 and September 1938. 


The Kelley Compactor Power Float is a piece of equipment 
designed to overcome the workability objection to the recom- 
mended, dry, harsh mixes. It delivers a dense, durable, dustless, 
hard wearing floor at a saving in labor and cement costs. (A 
Floor Specialist’s letter follows). 


THE VANNIER CO. INDUSTRIAL FLOORS BUFFALO, N. Y. 


The old mix of one cement to two of coarse sand 
required from twelve to sixteen bags of cement per 
cubic yard, depending on the voids and bulking of 
the sand 


Mixes properly designed for power float method 
require approximately eight bags of cement per cubic 
yard 


The labor cost is at least one-third less, and this 
includes sufficient finishing labor to produce a smooth 
finish. kor instance, in the past eighteen months | 
have done three jobs for nationally known concerns, 
for which I submitted two proposals, one on the speci- 
fications furnished, and one in accordance with our 
own specifications, with the understanding that we 
could not be responsible for the specified job, but we 
would be responsible for floors of our own design. In 
all three cases the price for our floors was 10% to 20% 
lower 

THE VANNIER COMPANY 


C. B. Vannier 


Write for “Concrete Facts about Concrete Floor Finishes” booklet 
and bulletin on Kelley Compactor Power Float to: 


KELLEY ELECTRIC MACHINE COMPANY 


287 HINMAN AVENUE BUFFALO, N. Y, 
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Cure Concrete With Hunt Process 


The Hunt Process Company is proud of its record for 1941 when its pro- 
ducts were used to cure concrete represented by more than 150,000,000 square 
feet of surface. This is positive proof that Hunt Process is a most satisfac- 
tory method for the curing of concrete. Further proof is the increasingly 
larger areas cured each year and the caliber of the engineers and architects 
who specify it. The results in actual construction have more than borne out 
the conclusions drawn from early laboratory tests and field study. 


Experience has definitely shown that Hunt Process has the following 
features of particular interest to engineers and architects: 


1. Hunt Process reduces inspection and supervision to a minimum. 


2. Hunt Process increases efficiency and speed of construction due to ease 
and convenience of application. 


3. Hunt Process tends to prevent the hair checks and cracks which are 
due to stresses in the concrete surface resulting from the rapid and unequal 
evaporation of the mixing water while the concrete is still plastic and weak. 


4. Hunt Process permits curing to proceed far beyond the usual ‘water 
curing” period. 

5. Hunt Process insures full strength of the concrete throughout the mass 
to the very surface by retaining uniform water content. 

Hunt Process Company is keeping pace with the changes in concrete tech- 
nique. A laboratory is maintained and constant investigation is being made 
of new materials and procedure so that the Hunt Process curing solutions 
will always be the best available. Our products are carefully checked to 
insure uniformity and quality. Hunt Process curing solutions are manufac- 
tured for the one and only purpose of curing concrete. They are the results of 
many years of laboratory investigation and experience on actual construction. 


Membrane Curing Solutions Manufactured by Hunt Process Company 





Hunt Process Black—A special blend of selected asphalts with pigment in a petrol- 
eum solvent. 


Hunt Process Clear—A blend of oils and waxes in a petroleum solvent. 


Hunt Process Clear White Pigmented—A special ‘‘clear’’ cure with white pig- 
ment for use on thin sections (i.e., canal linings) in the hot desert climates where tem- 
perature control is desirable. 


Hunt Process is specified or used by many of the construction agencies 
represented by the following: 


U.S. Army & U. S. Navy State Highway Departments 

U. S. Bureau of Reclamation Counties & Cities 

U. S. Public Roads Administration Irrigation Districts 

U. S. Indian Service Industrial engineers and architects 


Hunt Process Company operates generally only west of the Mississippi River. 


Distributors in Dallas, Denver, Honolulu, Kansas City, Mo., Oklahoma 
City, Phoenix, Portland, Salt Lake City, San Francisco, Seattle, Vancouver, B.C. 


Main Office and Plant 
7012 Stanford Avenue - - - - - - _ Los Angeles, California 
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HEL-CO Modern Armor-Dowels 


The NEW method of doweling for BOTH Longitudinal and 
Transverse Expansion & Contraction Joints in CONCRETE 
SLAB CONSTRUCTION .. . is already in use in State High- 
ways and in Army airport paving and building floors. 








SHEAR PLATE DESIGN GIVES 34% 
MORE SUPPORT THAN OLD METHOD 
(See Drawing) 





RIGHT: HEL-CO ARMOR-DOWELS in 
TYPICAL TRANSVERSE JOINT . 











Write for Additional Information 


THE NEW_.METHOD 
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CONTRACTORS PACIFIC 


CONTRACTS NOy-3550 


HAWAIIAN DREDGING CO., LTD. TURNER CONSTRUCTION CO. 


P. O. Box 3468, Honolulu, T. H. 420 Lexington Avenue, New York, N. Y. 
Mr. Walter F. Dillingham, Pres. Mr. J]. Archer Turner, Pres. 
RAYMOND CONCRETE PILE CO. MORRISON-KNUDSEN CO., INC. 
140 Cedar Street, New York, N. Y. P. O. Box 1518, Boise, Idaho 


Mr. Maxwell M. Upson, Pres. Mr. H. W. Morrison, Pres. 
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> ved their country well 


It came at last—and in the back. But 
‘ere the bugle call had echoed 
through the land a million heroes 
arose to defend, to champion honor, 
decency and freedom—with a 
mailed fist. And there are other 
hands that serve, night and day. 
Strong, sure hands that build and 
fortify and mend ... What time we 
have to build, no man can know. But 
build we will—and fast—lest brave 
men die for want of means to guard 
the land they love. And those who 


build their best for our defense have 





served their country well. 


NAVAL AIR BASES 


AND NOy-4173 


J. H. POMEROY & CO., INC. UTAH CONSTRUCTION COMPANY 


333 Montgomery St., San Francisco, Cal. Ist Security Bank Bldg., Ogden, Utah 
Mr. J. H. Pomeroy, Pres. Mr. M. S. Eccles, Pres. 

W. A. BECHTEL COMPANY BYRNE ORGANIZATION 

155 Sansome Street, San Francisco, Cal. P.O. Box 629, Old Army Base, Norfolk, Va. 


Mr. S. D. Bechtel, Pres. Mr. John E. Byrne, Pres. 
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TILTERS 


For 42 years, the Smith 
Tilting Mixer has set the 
pace for concrete mixers, 
earning a well-deserved 
reputation for fast load- 
ing, thorough mixing 
and rapid “Tilt and 
Pour’’ discharge. Today 
—the new Smith Tilter 
continues with that same 
basic design but with 
many additional refine- 
ments that result in even View of a2 yard Smith Tilter equipped with 


, , i. pneumatic tilting device. Also available in 
 aeige speed and operat 1 yard, 3 yard and 4 yard sizes. 
ing efficiency. 





Famous “End-to-Center’’ Mixing Action 


Smith Tilters produce specification concrete because of the duo-cone shape of the drum, plus 
the converging action of the V-shaped blades. These blades have only one function to perform, 
namely that of mixing. They catch the materials the moment they enter the drum and carry 
them toward the center of the drum. They cut through the materials—squeezing, kneading, 
compacting—and constantly fold the lowest layer of material over on to the top. The entire 
batch is continually pulled from the ends of the drum toward the center. Thus, the batch is 
always balanced in the center of the drum. And by keeping the materials away from the drum 
openings, spilling is avoided 


Large Aggregate 


The Smith Tilting Mixer handles large 
aggregate without undue damage to 
the machine. Two conditions make 
this important feature possible The 
drum openings are free from any dis- 
charge mechanism and the materials 
are NOT lifted to the top of the drum 
Thus, the damaging action of the falling 
concrete is eliminated Naturally, if 
large stones were used in the mix, such 
damaging action would be all the 
greater. Therefore, a tilting mixer 
such as the Smith, is the ONLY con- 
crete mixer which can, and regularly 
does, handle large aggregate success 
fully 


The T. L. SMITH COMPANY 
2897 N. 32nd St. s Milwaukee, Wis. 


SMITH MIXERS 


USED ON THE WORLD'S GREATEST CONCRETE PROJECTS 




















TECHNICAL PROGRESS SECTION 411 


VISIBLE MIXING 


Permits Inspection of the Entire 
Batch Before Any of the Concrete 
is Disc harged 


Smith-Mobile’s exclusive visi- 
ble mixing feature permits con- 
sistency control through obser- 
vation of the entire batch during 
the mixing process. It enables 
the contractor, inspector orf 
foreman to determine when the 
batch is thorough] | 





y mixed and 
of the proper consistency, w#t/ 


out having to discharge a pari 





the bati } -~ - .» 

The discharge door of any horizontal top loading mixer cannot be opened without discharging 
at least a part of the batch. And it’s impossible to look into the drum of any competitive high 
discharge mixer to determine the characteristics of the concrete. However, on a Smith-Mobile 
Truck Mixer, the door can be opened wide, at any stage of the mixing cycle (even with a full 
load), and no concrete will come out until the drum is reversed. That's what makes real visible 
mixing possible 


The concrete manual of the U. S. Bureau of Reclamation (Second Edition, March, 1939 
that most transit mixers “‘cann 


means are provided for directly observing the concrete as it 1s being mixed Only the 


Smith-Mobile 


States 





ot be operated in accordance with Bureau specifications, as no 








has this very necessary advantage of visible mixing 


Efficient “‘End-to-End”’ Mixing Action 


The distinctive shape of the Smith-Mobile drum, plus the sciet tifically designed spiral blades, 
produce a fast at d thorough “‘End-to-End’’ mixing actior With the drum running in mixing 
directior 4 the blades force the aggregates which are below the top ot the blade tow ard the close 
end of the drum. The curved portion of the blade at the closed end of the drum forces the con- 
al } 


to the Charging end. 


crete in front of the blade to fold over and flow diagonally across the drum t 
It's a real ‘‘End-to-End'’ mixing action, fast and thorough 

Smith-Mobile Truck Mixers make it possible for engineers to obtain truck-mixed concrete that 
Meets the most exacting 
Specifications as to agere- 
gate distribution, sand 
cement ratios, water- 
cement ratios and consis- 
tencv throughout the 
batch 

Smith-Mobiles are avail- 
able tn five sizes No , 
No. 3, No. 3'4, No. 4 
and No. § truck mixers 
214 yd., 4 yd., 44 yd., 
5'4 vd. and 6 yd. agi- 
tators, respectively 


The T. L. SMITH COMPANY 
2897 N. 32nd St. * Milwaukee, Wis. 


SMITH-MOBILE 





THE ORIGINAL HIGH DISCHARGE TRUCK MIXER 
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HIGH EFFICIENCY IN READY MIXED CONCRETE PLANT 


New speed and efficiency in ready mixed concrete operations were achieved 
by the U. S. Transit-Mix Concrete Corp. in supplying more than 200,000 
cu. yd. of concrete for the Kankakee and Elwood Ordnance Plants. The 
batching plant was laid out as in the accompanying sketch, and was designed 
and manufactured entirely by the Butler Bin Company, Waukesha, Wisconsin, 
except for the belt conveyor. 

Aggregates were shipped in on two railroad tracks, dumped into hoppers 
beneath the tracks, and carried by a horizontal feeder belt to a 36-in. inclined 
belt conveyor. A revolving turnhead at the top of the aggregate bin dis- 
tributed the aggregates to the three compartments of the bin. 

Cement, shipped in hopper-bottom cars, was fed by an undertrack screw 
conveyor into an enclosed bucket elevator, capacity 300 bbl. per hour, which 
discharged into an auxiliary hopper attached to the side of the aggregate 
bin. This hopper had two compartments, providing for standard and high 
early strength cement. Overflow spouts led to a low cement storage bin 
over the screw conveyor, from which the cement could be recirculated. 








Below the aggregate bin was a §-yd. four-beam weighing batcher for both 
aggregates and cement. While these were weighed manually, water was 
being weighed automatically in a 200 gallon water batcher. All materials 
were discharged through a collecting hopper, so that only one truck stop 
was necessary. A fleet of thirty 5-yd. truckmixers was needed for an aver- 
age haul of 2% miles. During winter operations aggregates were heated by 











' 
' 
' 
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injecting live steam into the bin, for concrete was poured continuously at 
temperatures as low as 12 degrees below zero F. 


Ten men, exclusive of truck drivers, formed the entire operating personnel 
of the plant: one batcher operator, one to handle cement cars, one belt 
conveyor Operator, one to spot trucks beneath the plant, one to fire the 
boilers during cold weather operations, and five men to handle aggregate 
cars. Union regulations required the belt conveyor operator and the boiler 
man to be engineers; all others were laborers. 


Complete figures on the production of this plant are not available, but a 
random selection of general contractor's receipts shows these pours: 


April 28—1613 cu. yd. in 8'4 hours (190 cu. yd. per hour 
April 29—1929 cu. yd. in 9'9 hours (203 cu. yd. per hour 
May 2—1869 cu. yd. in 8'% hours (220 cu. yd. per hour 
May 15-2006 cu. yd. in 9 hours (223 cu. yd. per hour 
May 29—1782 cu. yd. in 8'% hours (210 cu. yd. per hour, 


These do not represent the maximum capacity of the plant, but merely 
what it was called upon to produce on these days. It is stated that produc- 
tion later reached much higher figures. 
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PLAN OF CONCRETE PLANT—WU. S. Transit Mix Concrete Co., Elwood, Ill. 


Even this is remarkable, however: assuming each truck to carry six 
cu. yd. of concrete, a run of 223 yd. per hour means a loaded truck through 
the plant every 95 seconds. This ts a clear indication of what can be accom- 
plished by careful management coupled with superior equipment engineered 
to fit the particular job it ts called upon to do 


BUTLER BIN COMPANY - - WAUKESHA, WISCONSIN 
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‘CEMENT ACTIVATION 


MAKES ALL THE CEMENT GO TO WORK 


@ Increases Flowability 100-200°; 
or 


@ Reduces Water 10-20°; 
@ Increases Strength 15-20°% 
@ Reduces Shrinkage, Absorption, Segregation 





“Workability is a Measure of the Quality of Concrete’’’ 


Workability, flowability, plasticity—the true flow of The latent powers of cement are a well known techno- 

concrete, vitally concerns strength and durability. To logical fact. To awaken or activate those powers has 

achieve “‘place-ability" through the addition of more long been the goal of scientific research, in order that 

mixing water in order to get the concrete to where it is all of the cement may be put to work. 

desired that it should harden—is doing so at a needless ‘ : a a : 

sacrifice of strength, density and excessive shrinkage. minute quantity of harmless vitamins stimulates the 
human system—a tiny quantity of Horn's product stim- 

Just as modern science today approves and permits the _ulates the ever dormant powers of cement. Hence, the 

pine oa of grinding-aid admixtures to the clinker in name—VITAMIX. 


Portland cement,’ so has the acceptance ; 
ducchanal omen pe pe value of equally infinitesimal quan- ' J. D. Roberts J.A.C.1. 1931. 


tities of ingredients which promote cement activation 2 P. H. Bates, President, American Concrete Institute 
at the time of use. —1935. 














FOR CONCRETE 
SPEED AND ECONOMY FOR DEFENSE 


that “EXTRA SACK OF CEMENT” Specify and Use VITAMIX 
COSTS MORE and does LESS for MAXIMUM CEMENT EFFICIENCY 


CONTAINS NO CALCIUM CHLORIDE OR ACCELERATOR 


VITAMIX IS A SURFACE ACTIVE AGENT SPECIFIC FOR 
PORTLAND CEMENT 


A. C. HORN COMPANY 
LONG ISLAND CITY, NEW YORK 


Boston Buffalo Chicago Cleveland Dallas Detroit Fort Worth Houston Kansas City 
Los Angeles Miami Milwaukee New Orleans Oakland Philadelphia Portland, Ore. 
Roanoke San Antonio San Francisco Seattle St. Louis Utica Washington 
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READY TO PAINT 
CONCRETE CEILINGS 


Plastered ceilings are a thing of the past, 
whether it be industrial or dwelling struc- 
tures. Smooth, glass-like concrete, free 
from wood graining or fins is assured by 
using fir plywood concrete forms coated 
with FORMFILM. Ordinary form oil 
makes hazardous the painting of con- 
crete which has become oil-impregnated. 
FORMFILM permits of many successive 
uses of the plywood without re-treat- 
ment, prevents grain raising, resists the 
alkaline moisture and has already been 
used upon millions of square feet. May 
be applied by dipping or brushing. 
FORMFILM is manufactured by the 
A. C. Horn Company of Long Island 
City, N. Y. 


MAKING CONCRETE 
WATERTIGHT 


When a proper stearate compound is 
added to cement, calcium stearate is 
formed. This insoluble material acts 
as a lining on the side walls of the pores 
or voids in the mortar, thereby rendering 
these surfaces non-wettable. It is avail- 
able in three forms; a paste—2 Ibs. per 
bag of cement; a powder—2 Ibs. per 
bag of cement; a liquid—one quart per 
bag of cement. Figure 8 Ibs. or 1 gallon 
per 100 sq. ft. of 1” floor topping, or 12 
Ibs., or 12!5 gallons, per yard of 1:2:4 
concrete. It is called HYDRATITE— 
made by A. C. Horn Company, Long 
Island City, N. Y. 


BEAUTY AND DURABILITY OF 
TILE AT CEMENT FLOOR PRICES 


To fuse a tile finish over cement floors 
would be ideal. A dry powder, com- 
posed of powerful coloring mediums, 
fused aggregates, waterproofing and 
hardening elements plus cementitious 
binders forms a colored armorplate inte- 
grally with the cement finish. Packed 
in 100 lb. air-tight steel drums, it is used 
at the rate of 30 Ibs. per 100 sq. ft. of 
floor area and in colors—red, green, 
brown, black and French grey. For 
indoor or outdoor use. It is known as 
COLORUNDUM—Made by A. C. 
Horn Company, Long Island City, N. Y. 


A NEW HAND BOOK 


Sixty-four pages of Tables and Construc- 
tion Data in a very simple, usable form 
is now available for the asking. Just 
write to the A. C. Horn Company, Long 
Island City, N. Y. for the Horn Construc- 
tion Data and Hand Book. 


A NEW CATALOGUE 


Each year a complete and exhaustive 
construction catalogue appears in 
Sweet's. This year it is in Volume 1 
Section 5—Catalogue 10. 
have an extra copy if you write to A. C. 


You may 


Horn Company, Long Island City, N. Y. 


A. C. HORN COMPANY 
LONG ISLAND CITY, NEW YORK 
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Specify Hill precision-mix 
on your next concrete job 


LET'S FACE THE FACTS on concrete batching 
practice and equipment. What check have you on 
the average central plant or field-mixed concrete 
when job foremen determine the water-cement 
ratio and resulting strength? (SC)* precision- 
mixing equipment is your only positive safe- 
guard. It provides an automatic, mechanical 
inspector that is always on the job to assure you 


A MOISTURE DETERMINATION accurate to 


14%, made in less than a minute; one for every 
batch, if necessary. 


AUTOMATIC COMPENSATION in all ingre- 


dients, for every change in moisture content. 


AN AUTOMATIC GRAFHIC RECORD, sealed 
and tamper proof, showing the net delivered 
weight of all ingredients and the moisture com- 
pensation made in each. 


(SC)? is the equipment used in progressive cen- 
tral plants. Its precision-mix assures rigid ad- 
herence to the engineers’ specifications in every 
batch of concrete produced. It can be put on 
your job—in your field mixer-plant—only by 
your specification of (SC)*. 


Let us show you (SC)? in daily operation, and 
what it can do for you. Write us, without obli- 
gation, to-day. 


Sciewtific Concrete Service Corporation 
MC LACHLEN BUILDING © WASHINGTON, D. C. 


———— 


CONCRETE 


is to concrete as sterling is to silver 





ee 
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Bigger Pavers—Longer Booms 
YET LOWER GROUND PRESSURES 





In designing its latest 34-E 


Single and Dual Drum Pavers, 
Ransome has given the Road 
Building Industry machines cap- 
able of not only producing a 
better and more uniform con- 
crete faster than it has ever 
been done before, but also pro- 
viding the longest possible 
boom reach together with the 
lowest possible ground pres- 
sure. 


For those engineers interested 
in the vital subject of paver 
ground pressures, we have pre- 
pared a series of charts which 
readily demonstrate” Ransome’s 
contribution to higher road pav- 
ing speeds with greater paver 


operating stability. 


Copies of the charts will be 


mai led upon request ° 


. 34E Single and Dual Drum Pavers 


OTHER PRODUCTS: Truck Mixers @ Small Mixers @ Big Mixers 


Write for : 





Literature 


RANSOME CONCRETE MACHINERY COMPANY 


DUNELLEN 


NEW JERSEY 
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CEMENT DISPERSION 





at right. 


DISPERSED 








WITH CEMENT DISPERSION 


The dispersion principle operates to drive each particle 
apart, thus exposing all the cement particles to the vital 


hydrating action. See photomicrograph at left. 


efliciency since all the water is made available for lubrication 
Cement suspended in water 


This dispersion makes the cement usable to its maximum 


HOW CEMENT DISPERSION WORKS 


Investigation shows that with 28 days curing only 50% of the cement hydrates. 
[Anderegg and Hubbell, A. S. T. M. 29 11 554 (1929) }, 


WITHOUT CEMENT DISPERSION 


Cement particles in their normal state in water tend to 
gather in bunches; i.e., flocculate. Water never reaches some 
particles and many are only partly hydrated. This reduces 
the effectiveness of the cement, entraps water within the 
clumps, requires an excess of water for placement and often 


results in bleeding and segregation. See photomicrograph 


of the mix and the entire surface area is exposed for hydration. 


Cement suspended in water 


UNDISPERSED 
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Dispersion with Cement by making 
the cement more effective produces a 
higher strength for any given cement 
content, or conversely, requires a 


lower cement content for a= given 


strength, as shown in chart at left. 
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DISPERSED CEMENT UNDISPERSED CEMENT 





ifler 150 Cycles of Freezing and Thawing 


At left, Concrete with Dispersed Cement at equal consistency and identical in’ mix 
(except for 159% reduction in water) with the concrete using Undispersed Cement as shown 
at right. Tests by Leading University. 


DISPERSED CEMENT UNDISPERSED CEMENT 


BEER Bae 


\fler two years erposure lo 8% Magnesium Sulphate Solution ( Renewed Weekly) 





At left, Concrete with Dispersed Cement at equal consistency and identical in’ mix 
except: for reduction in water) with the concrete using Undispersed Cement at right 
Tests by Master Builders Research Laboratories. 
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President's Address 
By REAR ADMIRAL BEN MOREELL”* 


It is with the greatest regret that I have been forced to forego the 
pleasure and the distinction of addressing you in person and face to face 


on the occasion of this annual convention. 


I am sure you all understand why it must be that my official duties 
now take precedence. ‘The country is facing a great crisis—its greatest 
crisis. There is no shadow of doubt as to that. We are now entered 
on a struggle, on the outcome of which is balanced the hopes and ideals 
of ourselves and of all those who will come after us. No price is too great 
to pay for the preservation of those ideals. There must be no indecision 


in our willingness to pay that price. 


We see ahead two roads. To the right, we see honor, idealism, peace, 
To the left, we see degradation and spiritual slavery. Hard work, suffer- 
ing and deprivation line both roads. There is no choice there. There 
are things that are more precious than life itself and brave men do not 


hesitate when the choice is offered. We have made our choice. 


What can an institution like ours contribute to this struggle? The 
whole is made up of the sum total of its parts. Therefore, each indi- 
vidual’s first obligation is to perform his assigned task with all the 


devotion and loyalty and strength which lies within him. 


Secondly, such groupings of loyal and patriotic citizens as our Institute 
must form the nuclei around which the bulwarks of resistance are erected. 
This will be a long and a hard war and as in all wars, there will be heard 


those timid souls who will ery out for peace under any condition, even 


*Chief, Hureau of Yarda and Docks, and Chief of Civil Engineers, United States Navy, by telephone from 
Washington, D. C., Thursday, February 10 to Amerioan Conerete Institute on the 


oocasion of his retirement 
an ite President, 
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of dishonor and servitude. They must be spurned. Those of us who see 
clearly must stand fast in the face of the enemy and in the face of our 
own weak-kneed and vociferous brothers. This organization, bonded 
with like organizations throughout the land, must and will assume this 
as their allotted task. 


I send you my greetings and my .wishes for a continuation of our 


past success, and may God give us strength to perform, each’ one, his 
sacred duty. 





























A part of PROCEEDINGS OF THE AMERICAN CONCRETE INSTITUTE Vol. 38 


JOURNAL 


of the 
AMERICAN CONCRETE INSTITUTE 
Vol. 13 No. 5 7400 SECOND BOULEVARD, DETROIT, MICHIGAN April 1942 


Early Concrete Volume Changes and their Control* 


By M. A. SWAYZET 


Member Americ an Concrete Institute 


SYNOPSIS 


The types of volume changes occurring in concrete, in order of their 
incidence in a fresinly mixed batch, are caused by water absorption, 
sedimentation, cement hydration, thermal change and wetting or 
drying of the concrete. 

Cement hydration causes relatively large amounts of water to be 
absorbed by concrete in the first 24 hours. Where curing water is not 
supplied during the period when concrete is heating up from cement 
hydration, tests with Carlson strain meters have shown the possibility 
of offsetting thermal expansion by means of the autogenous shrinkage. 
At the time when the concrete reaches maximum temperature, the 
delayed curing leaves it in an unsaturated condition. 

If water is supplied to concrete during the cooling period, the induced 
volume change from absorption decreases shrinkage from heat loss. 

This treatment will materially decrease the large thermal shrinkages 
which produce cracking in concrete whose final structure is established 
at high temperatures. It is applicable to highway slabs and structural 
members of similar size, but will be less effective in large masses. 

An appendix presents some of the significance of the paper for the high- 
way engineer. It deals with the harmful effects on highway surfaces of 
too liberal application of curing water through curing mats at early ages. 


The volume changes which occur in freshly mixed concrete have 
been given less consideration than those which take place after harden- 
ing has established a rigid structure. Yet all of these changes are of 
importance to the designer and user of concrete, since they may effect 
not only yield in terms of sacks per cubie yard, but other properties 
such as cracking tendency, compressive and bond strength, and sta- 
bility of exposed surfaces. The purpose of this paper is first to discuss 
the various types of volume change, and then to point out how one 
type may be employed by the concrete engineer to control the perma- 
nent changes in volumes caused by another type. 


*Received by the Institute Jan. 16, 1942 
{Director of Research, Lone Star Cement Corp., Hudson, N. \ 
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The items contributing to volume changes in concrete, in about the 
order of their incidence in a freshly mixed batch, are: (1) cement solution 
and water adsorption, (2) sedimentation or “bleeding,” (3) autogenous 
volume change, (4) thermal volume change, (5) induced volume change. 

CEMENT SOLUTION AND ADSORPTION 

When finely divided materials such as portland cement are mixed 
with water, an immediate small reduction in volume occurs, irst, 
particles of the solid are dissolved by the water until it reaches the 
point of saturation, and in solution these dissolved materials occupy 
less total space than when in the solid condition. Second, when the 
surface of a solid particle becomes wet, the water molecules in direct 
contact with the surface become more densely packed than those at a 
distance from it. Both actions, therefore, reduce the volume of a cement 
paste and increase its density. 

Since adsorption and solution are surface phenomena, slightly more 
shrinkage should be expected with the finer high early strength cements 
than with normal portlands. This is borne out by experiment, as shown 
in Table 1. All of the data are on neat mixes with 45.0 per cent added 
water (W/C 5.1 gal. per sack), with first observations on unit weight 
of pastes made 30 minutes after mixing. The figures on pastes are net, 
since air content was removed by vacuum, Cements used were a group 
of five normal portlands and the corresponding high early strength 
cements made at the same plants. 

Note that the increases in paste specifie gravity and decreases in 
yield from calculated values are roughly proportional to the surface 
areas; also that while the high early strength products generally have 
lower specific gravities their observed yields are practically identical 
with the heavier normal portlands. The data shown include some 
slight shrinkage due to chemical reaction of cement and water, and 
water adsorption by the gel formed. 

Theoretically, some water in concrete is also adsorbed on aggregate 
surfaces, Practically, however, the total aggregate surface in concrete 
is so small in proportion to its bulk that this item may be ignored in 


TABLE 1—EFFECT OF ADSORPTION AND SOLUTION ON PASTE VOLUME 


Normal HES 


Portlands VPortlands 


Cements: average surface area em.? per gin 1730 2510 
Cements: average apecifie gravity 3.16 3,12 

Paste: calculated specific gravity 1. S02 1.SS2 
Paste: observed specific gravity 1.006 1.004 
Yield, cu ft. per sack, calculated 1.156 1.163 


Yield, cu, ft, per sack, observed 1.148 1.149 
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the design of concrete mixes. In general, correction factors for absorp- 
tion of aggregates will include the adsorption, 
SEDIMENTATION OR BLEEDING 

The mechanics of sedimentation in concrete have been so thoroughly 
treated by T. CC. Powers” that only the general effect on ultimate 
volume of conerete needs discussion here, 

Following the placement of concrete mixes, settling of the solid 
portions and separation of clear water at the top surface begins immedi- 
ately. This process continues until halted either by attainment of 
maximum compaction of the solids, particle interference, or the begin- 
ning of set. The quantity of water which collects on the upper concrete 
surface is dependent on the water-cement ratio, consistency, aggregate 
gradation, and also on cement fineness and other characteristics. 

While there is no reduction in total volume of the system water- 
cement-aggregate by the phenomenon of bleeding, from the concrete 
designer’s standpoint the amount of clear water which separates repre- 
sents a very real shrinkage in his designed quantities. Whether or not 
the free water is removed, the top surface of the concrete will remain 
approximately at the level which existed when settlement ceased. 

Loss of water by bleeding from plain concrete is unimportant, so long 
as bridging of aggregate particles is not serious, While cross-sectional 
areas are reduced, the net water-cement ratios are also lowered, and 
the density of concrete increased, 

In reinforced concrete where the steel is restrained, losses in bond may 
become serious if bleeding is excessive, due to the bridging action of the 
steel forming water pockets on its under surface, Where the steel is 
not restrained, as in highway slabs, ete., the amount of bleeding is of 
much less import, as the steel remains in contact with the settling mass, 


AUTOGENOUS VOLUME CHANGE 

It is a recognized fact that, in the chemical reaction of portland 
cement and water the sum of the absolute volumes of dry cement and 
mixing water is greater than the volume of the hydrated product plus 
the remaining unused water®, Otherwise stated, the solid products of 
hydration have a higher specific gravity than the unhydrated cement 
minerals plus water for their hydration, Added to this condensation 
is an increase in adsorbed water, The fineness of the cement gel is 
much greater than that of cement, and more water is adsorbed, thereby 
increasing the magnitude of this volume change, Since both these 
changes are inherent within the cement-water reaction itself, they both 
come under the general classification of “autogenous” change, 


) Mee “References” at end of paper 
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Measurement of autogenous volume change may be done by several 
methods. The mixture with some excess water may be sealed in collap- 
sible vessels, and changes in specifie gravity noted; thimbles containing 
the paste may be placed in dilatometers with observation of the fall of 
the capillary water column®; or the mixture may be placed in a 
pycnometer or similar vessel and increases in weight determined, keep- 
ing the water level constant. 

It must be kept strictly in mind that autogenous volume change as 
above defined and measured relates to the whole system-paste plus 
excess water. For this system the overall autogenous change is always 
shrinkage. The concrete engineer, on the other hand, is concerned only 
with the external dimensions of the solid component. Whether or not 
the hydration reactions result in shrinkage or expansion from these 
dimensions depends on the type of reaction of the cement minerals. 

In the study of cement hydration made in the Lone Star Research 
Laboratory, Dr. L. 8S. Brown™ observed that the tri- and dicalcium 
silicates hydrate by first going into solution, with a following precipita- 
tion of the finely granular hydration products on all surfaces wet by 
the solution—-those of aggregate grains, cement particles, gypsum flakes, 
calcium hydroxide crystals and even air cells. This type of hydration 
he appropriately termed ‘accommodative’, since the hydration prod- 
ucts adapt themselves to the open space available. 

Free lime and magnesia, on the other hand, hydrate in place, and 
their reaction with water is therefore “unaccommodative’’, since the 
solid hydrated grains occupy more space than did the grains of CaO or 
MgO before hydration. Tricalcium aluminate was found to have an 
accommodative hydration at ordinary concrete temperatures, but 
tended to hydrate in place at higher temperatures, such as in the auto- 
clave test for soundness. 

The microstructure of the hydrated lime silicate, the principal source 
of coherence and strength in concrete, is of prime importance in the 
consideration of autogenous volume change. Brown found this precipi- 
tate to be a gradually thickening crust, forming on all exposed surfaces, 
The preparations observed were cement pastes sealed in micro slides. 
The pastes were especially prepared so as to possess relatively high 
concentration of solid and at the same time preserve clear visibility. 
The water-cement ratios were about 1.5 to 2.0 by weight, which is very 
low for microscopic mounts. Clear visibility was obtained by levigation 
of cements and ground clinker with commercial ether to remove the 
ultra-fines. The cement grains used were closely sized at 15-20 microns. 

Hydrolysis of the cement silicates in cements so prepared always 
resulted in the formation of this finely granular crust; rarely more than 


eight hours elapsed before its becoming visible. Under the conditions 
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of the tests, the diameters of individual granules at a maximum never 
were much above the limit of microscopic resolution (0.5 micron), and 
by varied manipulation it was possible to show that the earlier formed 
portion was well below this limit. It necessarily follows that pore spaces 
between the granules should have dimensions similar to the granules 
themselves, as was observed. 

While neither granules nor pores have ever been made directly visi- 
ble in a normally prepared, cured and hardened cement paste, Brown 
believed that his preparations reliably revealed the nature of the gel 
structure and gave a fair approximation of pore and particle sizes, pre- 
sumably more nearly approaching the finer, earlier formed crusts. 
Other reports in the literature suggest pore spaces of 2-4 millimicrons 
in hardened cement pastes. In the light of the above observations, 
pore dimensions of 30-50 millimicrons in gels of ordinary concrete or of 
10-20 millimicrons in high early strength concrete at the age of 12-14 
hours are not hard to visualize. 

Brown’s observations are of further interest in that the size of directly 
visible particles in the gel crust varied with cement composition and 
other conditions. Cements with high A/F ratios yielded finer maximum 
sized grains than those with low A F ratios. With either one, grain 
size was reduced by presence of gypsum as compared with its absence. 
Finer grain size resulted with curing in cool water, coarser grains form- 
ing in hot water. 

These gel grains may be single solid particles, or they may consist of 
clumps of grains of much smaller dimensions. If the latter is the case, 
the internal pore spaces within the clumps are of a much smaller order 
than the external spaces between grains, and are far below the power 
of microscopic resolution. At all events, the surface area of the hydrated 
gel is much greater than that of unhydrated cement, and therefore, its 
power of adsorption is much greater. 

There is little doubt that all of these observations are associated with 
autogenous shrinkage of interest to engineers. Several illustrations 
might be offered. Cement pastes sealed in glass vials with excess water 
generally show no shrinkage after hardening, but instead eventually 
expand enough to crack the glass. On the other hand, if excess water 
is small in amount, it is absorbed and following this the paste shrinks 
away from the glass. 6x12-in. concrete cylinders smoothly troweled 
flush with the top of the mold show subsidence of the upper surface as 
much as ly in. after bleeding water is reabsorbed: cylinders which have 
excess water continuously supplied show no such shrinkage. This 
difference is most apparent with rich mixtures. 

The basie principle underlying this behavior is not entirely clear. 
There is a strong suggestion that surface tension of water may be an 
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important factor, with the tensile strength of water in capillaries also 
involved. Either of these items represents a force of considerable magni- 
tude. Assuming the presence of such forces the writer offers the follow- 
ing explanation for the autogenous shrinkage of a solid concrete mass. 

Pore spaces in the hydrated gel may be considered as ordinary capillary 
tubes or spaces between planes, with this difference: instead of the 
vapillary walls being rigid, in the early hours of hydration they are free 
to move and to allow shrinkage to take place until the gel attains a 
strength sufficient to resist the capillary forces within. After this age 
the mass can no longer be considered as plastic. 

The strength required to withstand these internal stresses tending to 
shrink the mass may be calculated by use of the formula for surface 
tension. 


T = 


ahdg, where 


= 


T = surface tension, dynes per centimeter 

a = radius of capillary or space between planes, ems. 

h = height of rise of liquid in ems. (h/70.4 pressure, psi.) 

d = density of liquid (1.0 for water) 

g = gravity, egs units = 980 

Assuming capillary sizes of 40 millimicrons for ordinary concrete and 
15 millimicrons for high early strength concrete at the age of 12 hours, 
the values for A in terms of compressive strength would be 530 and 
1410 psi. respectively. These calculated strengths are close in magni- 
tude to observed strengths at this age. 

To determine the potential early shrinkage possible from autogenous 
volume change, a series of tests was made, results of which are shown 
in Table 2. The same cements and pastes employed in tests for data 
in Table 1 were used. Calibrated 25 ce. pyenometers were half-filled 
with weighed quantities of cement slurry containing 45.0 per cent 
added water, air cells in the slurry removed by vacuum and agitation, 
and then the vessels were completely filled with distilled water. The 
temperature in all tests were maintained at 74.0 F. in a constant temper- 
ature bath. Weighings were started at the age of 30 minutes, and 
were made in a room 3 to 4 degrees colder than the bath to prevent 
overflow. The waterlevel in the pycnometers was adjusted to constant 
level just prior to each weighing. 

The data show that water absorption began at a relatively rapid 
rate for all ten cements tested, At the age of 7 hours the absorption 
of the high early strength products was about 100 per cent higher than for 
the normal cements, while at 24 hours the excess was about 50 per cent 


At later ages differences between the two types diminished. 
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It should be noted that heat of hydration played no part in these 
tests, all of the pastes being held at a moderate and constant tempera- 
ture. In normal concrete operations the higher early temperatures 
generally attained with H.be.S. cements would have materially increased 
their rates of absorption over those of the normal products. 

It must not be inferred from these data that any reduction in overall 
volume of the hardened pastes occurred during the test period. That 
no appreciable expansion took place was evidenced by the fact that all 
of the pycnometers remained unbroken during the full test period. 
The absorptions found should be considered rather as the maximum 
potential shrinkage which could occur in the pastes if no excess water 
were present, and if the mass remained plastic and free from particle 
interference, 

THERMAL AND INDUCED VOLUME CHANGES 

Mxpansion with rise in temperature and contraction with its fall 
cannot be measured quantitatively in fresh concrete, on account. of 
the other types of volume change which are going on simultaneously. 
However, by consideration of the thermal properties of the concrete 
components we may logically assume that the early coefficient of con- 
crete volume change is at least as great and probably greater than after 
hardening is complete. 

Sand and coarse aggregates of good quality undergo no chemical 
changes in the process of hardening, and their thermal coefficients are 
therefore constant. While no data exist on this property of dry cement, 
it is by volume a minor constituent of concrete, being exceeded mate 
rially by even the water volume, Since other lime silicate minerals 
have thermal coefficients of the same order as siliceous concrete, cement 
may be assumed to expand in a similar manner, While the volume 
change of water is generally not thought of in terms of linear expansion, 
its thermal coefficient is 6 or 7 times that of hardened concrete 

Considering all of these components, an assumption that the thermal 
coefficient of fresh concrete is equal to or greater than that of 28-day 
concrete seems justifiable 

Induced volume change is the result of change in the total water 
content of hardened concrete, With loss of water by evaporation, 
shrinkage occurs; with water gain in concrete up to the point of satura 
tion, expansion result 


CONTROL OF THERMAL VOLUME CHANGES 
In recent years the realization that high conerete temperatures during 
the hardening period have as much or more influence than drying shrink 


age on the cracking of conerete has prompted the specification of low 


and moderate heat cements for structures where heat dissipation is a 














EARLY CONCRETE VOLUME CHANGES AND THEIR CONTRO 433 


problem. However, so far as the writer is aware, no attempt has ever 
been made to offset the expansion of concrete during heat rise or con- 
traction on cooling by taking advantage of other controllable types of 
volume change, such as autogenous shrinkage and induced expansion 

The age at which hardening concrete reaches a stage where stresses 
set up by thermal and induced volume changes are not relieved by 
plastic flow is problematical. Volume changes prior to this age are of 
no consequence except as they may affect later changes. In lean rela- 
tively harsh coneretes this age may be relatively short, due to particle 
interference with flow. In richer and more plastic mixes the period 
may be lengthened to the time when the compressive strength equals 
or exceeds the forces of deformation set up by autogenous shrinkage 
That this time exceeds the 12-hour period for both normal and high 
early strength cements in a 6-sack mix is strongly indicated by a series 
of tests on early volume change made in our laboratory with the Carlson 
strain meters.” 

These meters measure both temperature and strain by variations in 
clectric resistance of two elastic-wire coils, one of which is unstressed, 
and the other wound under tension on spools attached to each end of 
the meter. Change in ratio of the two resistances indicates strain, 
while their resistance in series is a measure of temperature, The mini- 
mum measurable strain is about 4 millionths of an inch per inch, Sensi- 
tivity to strain is very high a one pound load on one end of the meter 
causes a deformation of over 6 times the minimum measurable value, 
The coefficient of thermal expansion of the meters used was 7.5 millionths, 
which was identical with values determined at 28 days for concrete used 
in the tests 

In the volume change tests, results of which are shown in Table 3, 
and the volume changes plotted in Fig. land 2, concrete slabs 36 x 36x 10 
in, thick were cast, using a mix containing 6.0 sacks of cement per cu, yd., 
and having a slump of 2-in, Aggregates were well graded up to LY -in, 
maximum size, The strain meters were set horizontally at a depth of 
S-in., and parallel with the side forms 6-in, in from the center of the 
haces Readings for thermal CXpPansion and strain were taken at fre- 
quent intervals for 15 hours and then daily, One normal portiand and 
three samples of high early strength cement, all with relatively high 
(A contents, and all made at the same plant, were used in the tests 

In the first three tests shown the conerete surfaces were broomed at 


about 3 hours age, and at 4 hours were covered with damp burlap, then 


with dry burlap to retain the heat of hydration, ‘The l-in, wood form 
was sealed to prevent loss of mixing water, No excess water was avail 
able to the conerete surfaces up to the age of 12 hou At this time an 


excess was added, so that the surface remained flooded, At 24 hours the 
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forms were removed and the surface kept covered with wet sand for 
7 day 

In the fourth test (111433) the surface was provided with a small 
dike, and was kept flooded with water after the age of 245 hours, A 
cellophane and dry burlap cover was supported just above the water 
level to retain the heat, ‘This provided slightly better heat insulation, 
and the conerete reached a higher maximum temperature, In all four 
tests the forms were loosened soon after the concrete could support its 
own weight, to avoid po ible negative stresses set up by restraint at 
the side 

It is apparent in the first three tests that while the conerete was ex 
panding due to thermal changes, shrinkage due to absorption and com- 


bination of the mixing water was also taking place, ‘The columns headed 
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“Thermal expansion” under each cement show the expansion which 
took place in the meters due to heat rise. The data for the first cement 
are plotted in Fig. 1. 

Since we have previously seen that fresh conerete should have a 
thermal expansion equal to or greater than the meters, the expansion 
of the concrete from heat alone should have at least equalled the values 
shown. The fact that all of the meters in the first three tests were 
under increasing negative strains after the first few hours indicates 
definitely that the meters tried to expand more than the concretes, 

The third columns for “Indicated Strain” show the differences be- 
tween the actual concrete expansion and the corresponding free thermal 
expansion of the meters, except for a possible correction for water film 
around the meter ends. Consideration of the data will show, however, 
that if such a film originally existed, then the negative values shown for 
“Indicated Strain” are too small. The “True Strain’? columns shown 
in the table and plotted in Fig. 2, therefore, show the maximum possible 
expansion of the concretes with rise in temperature, Precautions were 
taken against water film by enlarging the meter ends, and by avoiding 
any possible disturbance of their position in the fresh concrete, 

It is highly significant that where evaporation was prevented but 
additional curing water withheld for 12 hours, as in the first three tests, 
the overall expansion during the heating period was small, and of the 
same order in all three coneretes. In the fourth test the concrete had all 
the curing water it could absorb, showed little autogenous shrinkage 
during the heating period, and the overall expansion was of a high order 
It is also significant that very soon after the surfaces were covered with 
water, autogenous shrinkage essentially ceased in all four cases. 

So far the changes in volume found to have taken place are of little 
interest to the concrete engineer, except as they may influence changes 
to follow, During at least the early part of the heating cycles the con- 
cretes were essentially plastic, and even up to the 12 hour age were 
responding to control by adding or denying curing water to the surface 
However, if at some age at or about the time when maximum tempera 
tures were reached the “final” structure of the concrete was established, 
then subsequent volume changes are of great importance, as is the 
ability to control those changes, 

During the cooling periods, between the ages when maximum tem 
peratures were reached and the time when the concretes were down to 
room temperature, the specimens again showed a different: behavior 
In the first three cases, water had evidently been withdrawn from the 
larger pore spaces by absorption, and the specimens were presumably 
in an unsaturated condition, Therefore, during the cooling period, while 
they were shrinking from loss of heat, the decreasing negative strains 
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shown by the meters indicate that they were also expanding from the 
force of induced volume change. In the fourth test there was no evi- 
dence of such a compensating foree, the conerete being apparently 
saturated with water when it reached its maximum temperature, Con- 
sequently no offset for the loss of heat was possible, and the net shrink- 
age was 3 to 4 times greater than in previous tests, While some of this 
difference was due to the higher temperatures found in ‘Test 4, corree- 
tion for temperature differences would still leave the cooling shrinkage 


21% to 3% times as much 
CONCLUSIONS 


Consideration of all the foregoing leads to the conclusion that some 
considerable control of carly volume changes in conerete is in the hands 
of the concrete engineer, By preventing evaporation from the fresh 
concrete surface after water from bleeding has been removed, but with- 
holding curing water until the concrete is nearing its maximum tem- 
perature, he can then decrease the later thermal shrinkage by effective 
use of curing water during the cooling period. 

The thickness of concrete members in which this curing control of 
thermal volume change will be effective seems to be a matter con- 


nected with the properties of capillaries, with rate of water flow through 


them as the determining factor, That the average highway slab and 
similar structural members wall respond to this control, there seems 
little doubt. While mass conerete should be less quickly responsive, 
there are some mitigating circumstances in such cases In general, 


cooling is slower, giving curing water more time to penetrate the larger 
mass, Second, it has been madicated that the silicate gel grains of mod 
erate and low heat cements may be larger than with cements of higher 
AVI ratio If this is the ense, the pore spaces between grains should 
also be larger, and less opposition to water flow through the capillaries 
will be encountered 

Acknowledgment is hereby made to Dr. L. S. Brown, Research Pe 
trographer of the Portland Cement Association, for cooperation im 
preparing the statements concerning his work on the micro studv. of 
cement hydration, 


REFERENCES 


1. T. Cc. Power “The Bleeding of Portlind Cement Paste, Mortar and Conerete,”’ 
PCA, Research Laboratory Bulletin 2 Condensed version, ACI 
Jounnan June L080, Proceedings V. 35, p, 405 


2. Len & Desch “The Chemistry of Cement and Conerete,” p. 7S 

3 WLC) L, Hemeon: 7nd, Rng, Chem, 27, OW4, (1085) 

tT. C, Power Ind, Heng, Chem, 27, 790, (1085) 

5. LS, Brown Data from an unpublished paper given at A.1.M.M. be. meeting 


at ‘Tulsa, Okla., Oet, 26th, 140 








438 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE April 1942 


6. Herbert Fruendlich: ‘Colloid and Capillary Chemistry’’. 
7. R. W. Carlson: “Five Years Improvement of the Electric-wire Strain Meter.” 
Eng. News Record, May 16, 1935. 


APPENDIX—REPORT OF CONCRETE VOLUME CHANGE 


In the body of this report on concrete volume change it has been seen that fresh 
concrete will absorb rather large quantities of curing water, beginning as soon as the 
surface water resulting from bleeding has been removed or reabsorbed. While the main 
purpose of the report was to present a means for controlling the early volume changes, 
the influence of curing control on the quality of the concrete surface should not be 
overlooked. In the following discussion the type of concrete member under consider- 
ation will be highway slabs. However, the remarks will be equally applicable to other 
similar types of construction. 


In his paper on the bleeding of concrete, T. C. Powers has shown that a highway 
slab, for example, at the end of the bleeding period will have a zone of maximum com- 
paction at the bottom, a transition zone of variable water content above it, and near 
the top surface a possible third zone of constant water content and constant rate of 
settling up to the time of start of set. The water content of the concrete will be lowest 
in the base zone, and increase until it is at a maximum at the top surface. This condi- 
tion is exactly the opposite from the one desirable from the standpoint of surface resist- 
ance to frost action. 


Finishing of the slab—surface-brooming, and troweling of edges—must follow the 
cessation of bleeding rather quickly, or the concrete will have lost its workability. 


If the application of curing water is started very soon after the finishing operation, 
absorption of this water will tend to maintain any inequality in water content existing 
between the top and bottom of the slab, by halting autogenous shrinkage. On the other 
hand, if use of curing water is delayed, autogenous shrinkage forces will act to redis- 
tribute the water in the concrete, and also to compact the less dense structure near the 
top of the slab. 


During the delay in curing, evaporation of water from the surface must be prevented, 
or rapid losses of water will cause development of surface shrinkage cracks. Damp 
burlap or other curing mats should therefore be applied, but should contain no free 
water which can be absorbed by the concrete until maximum compaction of the sur- 
face has been obtained. Application of bituminous surface membranes serve this pur- 
pose very well if applied in sufficient thickness, but have the disadvantage that they 
later prevent any ingress of curing water. 


While delayed curing will materially improve the surface condition of concrete by 
increasing its density, a still better reason exists for this delay when burlap or similar 
covering is employed. All burlap, even of the best quality, contains some organic 
materials soluble in water which delay or may even inhibit the reaction between the 
cement and water. To furnish an example of this action, a sample of new burlap was 
soaked in water for 12 hours, then wrung out and the water used in a batch of concrete. 
The compressive strength of this concrete was reduced to about 85 per cent of that 
obtained with clean water. In this test the soluble materials from 4 lbs. of dry burlap 
were dispersed in about 40 lbs. of water. If the amount of burlap used had been greater, 
or the ratio of water to burlap had been less, a greater reduction in strength would have 
resulted. 


The presence of mildew or other molds in burlap or similar materials greatly increases 
both the amount and effect of the soluble organic material. Since the distribution of 
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mold spores is almost universal, the condition of any sort of curing blankets made from 
vegetable fiber must be under suspicion if they have remained in a damp state for any 
material length of time. The presence of mildew or molds is easily detected by their 
characteristic musty odor. 


Under such circumstances delay in the addition of curing water is imperative. Other- 
wise the water will dissolve organic material from the curing blankets and carry it di- 
rectly into the top surface of the concrete, where all further hardening may be in- 
hibited or at least greatly delayed. 


Fig. 3, 4 and 5 illustrate the effects of time of applying curing water on the stability 
of a road surface. In the area shown in Fig. 3 new burlap blankets had been laid on the 
freshly finished concrete and liberally soaked with water beginning 2'4 to 3 hours after 
the concrete was placed. The surface condition in the area shown by this picture was 
aggravated by the fact that it was at the bottom of two slight grades on either side, so 
that water leaching through the burlap concentrated in the low area. On removal of 
the covering it was noted that the concrete surface was covered with a brown stain, 
and that very little hardening of the surface had taken place in the stained areas. The 
edges and unstained portions of the slabs had a normal hardness. 


Following discovery of this condition, further concreting was delayed until the bur- 
lap had been laundered. When work was restiimed with the cleaned blankets, the early 
application of curing water was continued, with results as shown in Fig. 4. Brown 
stains on the surface were still present, and surface set in these areas was very slow, 
although the depth of affected spots was less. This improvement in surface condition 
may be attributed to loss of some of the soluble material in laundering, or to the observed 
runoff of much of the excess curing water at the edges of the slabs. 


Later the curing process was changed. Covering with the blankets was held up until 
further delay would have caused development of cracks from surface shrinkage. When 
laid, the burlap received only enough water for the first 24 hours to keep it damp and 
thereby prevent loss of water from the concrete. Real curing began after the burlap 
had been removed, and the concrete had been covered liberally with roadside earth. 
Fig. 5 is typical of the remainder of the road after the curing methods were revised. 


All of these pictures were taken 18 months after the pavement was laid, but represent 
almost exactly the conditions as they existed when the road was opened to traffic. In 
the writer’s opinion, the history of many unexplained cases of highway scaling may be 
similar to the case cited above. 


In view of the facts presented in this appendix, as well as the data in the foregoing 
report, the writer recommends that serious consideration by highway engineers be given 
to the matter of curing control in their concrete specifications. 


All normal concrete contains water considerably in excess of that required for com- 
plete cement hydration. Therefore, in the early stages of curing, the important thing 
is not to provide additional water, but to prevent excessive losses from the surface 
which would result in development of hair-checking, shrinkage cracks or a chalky finish. 
Later, after the slab has reached its maximum temperature and is cooling, addition of 
plenty of curing water will lessen the chance of structural cracking, provided the slab 
is not already saturated. 


With these concepts, curing blankets of any material should be considered purely as 
a means of preventing evaporation, instead of a conveyor of new water to the surface. 
The time of application of curing blankets must depend on temperature and humidity 
conditions during the paving operation. In cool, damp weather the operation can be 
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Fig. 3—Scaled concrete 
surface caused by ap- 
ee of new bur- 
ap, heavily soaked 
with water, 2'> hours 
after placing concrete 


Fig. 4—Concrete sur- 
face scaled from appli- 
cation of hentiond 
burlap heavily soaked 
with water, applied 
2'% hours after placing 
concrete 


Fig. 5—Concrete sur- 
face cured under laun- 
dered burlap applied 
late; kept moist only 





greatly delayed: in hot or dry climates covering may have to follow the finishing opera- 
tion closely, However, only enough water should be supplied to keep the covering moist 

an excess can have no beneficial effect on the surface condition during the first hour 
of the slab’s life. 


Discussion of this paper should reach the AC | Secretary in triplicate 
by July 15, 1942, for publication in the JOURNAL Supplement. 
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Long-Time Study of Cement Performance in Concrete* 


By F. R. McMILLANT 


Member American Concrete Institute 


The incentives for the “Long-Time Study of Cement Performance in 
Concrete,” announced by the Portland Cement Association in the 
News Letter, ACI Journat, January 1941, are found in a paragraph 
from that announcement as follows: 

“It is of concern alike to the producer and consumer of portland 
cement that the performance of concrete under the rigors of service 
cannot always be predicted or relied upon with certainty. These 
predictions are based upon premises which depend upon an attempted 
correlation of laboratory research and observation of field operations 
with field performance, Since the non-reliability of the predictions 
seems to be due to a lack of proper correlation between laboratory and 
field observations and field performance, the Portland Cement Associ- 
ation is about to undertake a long-time study of the performance of 


’ 


cement in concrete,’ 


Announcement was made in the ACI Journat for January, 1941 of 
the Long-Time Study of Cement Performance in Concrete now under 
way. This extensive investigation, which grew out of a suggestion made 
by P. H. Bates, is being carried out in accordance with the program 
prepared by an Advisory Committee of which Mr. Bates is chairman and 
consisting of eight representatives from outside the cement industry and 
four representing the cement industry. 

The objectives in this investigation are twofold: First, to learn to 
what extent differences in cement affect the performance of concrete; 


*lresented at the Inatitute’s 38th Annual Convention, Feb. 18-20, 1942 (The Research Seasion under the 
auspices of Committee 115 

tDireetor of Research, Portland Cement Association, Chicago 

throm Outerde the Cement Industry: Chairman--P. H, Bates, Chief, Clay and Silicate Producta Division, 
National Bureau of Standards, Washington, D, C.; Bryam W. Steele, Office of Chief of Engineers, U. 8. 
Army, Washington, JD. C.; Robert F. Blanks, Senior Engineer, U. 8, Bureau of Reclamation, Custom- 
house, Denver, Colo.; P. J. Freeman, Principal Materials Engineer, Tennessee Valley Authority, Knoxville, 
renn.; T. Ee. Stanton, Materials and Research Engineer, California Division of Highways, Sacramento, 
Calif.; Roy W. Carlson, Massachusetts Institute of Technology, Cambridge, Maas.; F. H. Jackson, Senior 
engineer of Testa, Public Roads Administration, Washington, D. C.; R. B. Young, Testing Engineer, 
Hydro- Electric Power Commission, Toronto, Canada, From the Cement Industry: BR. G. Uhlig, Vice Preai- 
dent and Operating Manager, Missouri Portland Cement Co,, St. Louis, Mo.; Hubert Woods, Chemical 
Engineer, Riverside Cement Co., Riverside Calif.; Roy N. Young, Chemical Engineer, Lehigh Portland 
Cement Co,, Allentown, Pa.; F. R. MeMillan, Direetor of Research, Portland Cement Association, Chicago, 
Lil,; Ex officio: Frank T. Sheets, President, Portland Cement Association, Chicago, Il 
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second, to learn what factors are responsible where differences in perform- 
ance are found. 

The progress to date can best be presented in terms of the following 
three separate phases into which the program is naturally divided: 

1. Collection of cements 
2. The building of structures 
3. Laboratory investigations 

One of the requirements set up by the Advisory Committee for the 
first phase of this study was that there should be obtained a complete 
history of each cement during the progress of manufacture. 

In the belief that the best record of the history of a cement during 
manufacture would be found in the product itself, special emphasis was 
placed on the collection of samples. Grab samples of the raw materials, 
the clinker, and the finished cement were taken at frequent intervals, 
usually every half hour. Where several kilns were used in making the 
test cements, the sampling of each was carried out separately. These 
grab samples were preserved in separate containers so that any desired 
study can be made of the uniformity of operations, or of the variations 
in the product. The usual mill control tests, petrographic studies of the 
clinkers, and many special tests were made, or are now in progress, all 
designed to give the fullest possible information concerning the test 
cements. 

One hundred barrels of each of the 27 cements and a good supply of 
each clinker are available in sealed drums for use in the extensive labora- 
tory studies comprising the third phase of the program. 

As a further record of the uniformity of operation, burning tempera- 
tures were taken in some or all of the kilns used in producing the test 
cement at each plant. 

Such other records were made during the preparation of the cements 
as seemed to be significant, so that the fullest possible data will be 
available for interpretation of any differences that may develop in the 
behavior of the cements, 

The collection of these cements was started in December, 1940, and 
was completed in June, 1941. In all, approximately 1000 man-days were 
required of the field party in this part of the program. More than 24,000 
individual containers were required for the samples collected, 

The second phase of this study, which is now well advanced, is the 
building of the structures. The purpose is to have a series of structures 
of different types and in different localities built in such a manner that, 


in each series, the different cements will be used under conditions as 
nearly identical as is possible to make them in the field, 
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The three big projects are test roads built with the cooperation of the 
Public Roads Adininistration and the highway departments of three 
states. The first test road was started on July 31 and completed on 
August 8, 1941 in Audrain County, Missouri. In this road, 24 cements 
were used in rotation in sections 75 ft. long. Each cement was used 
five times, making a total of 120 sections of 22-ft. roadway 

During construction we had a large field party on the job, making 
moisture determinations, slump tests, and unit weights, checking the 
water going into the mix, making temperature measurements of the 
slabs and detailed observations on the bleeding and finishing character- 
istics of the cements and other significant features of the operations, 

On the second test road, near Greenville, South Carolina, (finished on 
November 5) the same 24 cements were used Here, however, each 
cement was used only four times, but the sections were 90 ft. long. 

The test road in New York, originally scheduled to be first, had to be 
postponed until 1942 owing to a number of unforeseen difficulties. On 
this project 27 cements will be used, each four times, in single-lane con- 
struction, There will also be included in this project some extra features 
which will involve the further use of IS of the 27 cements, making in all 
ISO test sections of single-lane road 

Second in Importance to the three roads are two experimental farms 
in which all of the test cements are to be used in a number of oversized 
laboratory specimens built in the field and exposed to normal weather- 
ing. One of these farms is located near Chicago and the other in Perry, 
Georgia. The specimens on these farms are of three types: slabs 24 by 
3'o ft. by Gin thick, cast in place; hollow box-like specimens about 2! 9° 
ft. (cubes) in outside dimensions; short columns or posts 8 by 8 by 60-in. 
set endwise 2 ft. in the ground. Fig. 1 is a view of some of the speci- 
mens at the [linois Farm 

The slab specimens are intended to simulate the exposure in a road 
slab The boxes, which are to be kept filled with moist earth, simulate 
the exposure of concrete members extending from the ground line into 
the au 

or the slab specimens at each farm, there are three different types 
of aggregate, each used in three different mixes, making nine rows. For 
the box and column specimens there are two different types of aggre- 
gate, each used in six different mixes. The details of the aggregates 


and mixes used are shown in Tables 1 and 2 


Thus, for each of the 27 cements there are at each farm nine slabs, 
twelve boxes, and twelve columns, This gives 33 separate comparisons 
for the 27 cements at each farm, or a total of 66, not counting a number of 


additional series which have been added. When to this are added the 
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13 comparisons offered by the three major test roads, it can be seen 
that, admitting some non-uniformity in control, it is extremely improb- 
able that any one cement will be more favorably treated than the others. 
If differences in performance develop which show that certain cements 
are superior or inferior in resistance, considering all of the structures as 
a whole, it will be a fair conclusion that some property or peculiarity of 


TABLE 1—AGGREGATES 
Sand Coarse Aggregate Size 


Illinois Farm 


Slabs 
A Missouri Missouri Crushed Limestone No, 4-2 in 
B Springville* Plainfield Gravel a 
C Irving * Hornell Crushed Gravel * 


Boxes and 


Columns No, 4-L iu 
ID Plainfield Plainfield Gravel 7 
LD) Springville* Plainfield Gravel 


Georgia Farm 


Slabs 
Kr S.C, test road Beverly Crushed Stone No, 4-2 in 
G Gaillard Rockmart Crushed Limestone “ 
H Gaillard Montgomery Gravel 


Boxes and 

Columns 
I Gaillard Montgomery Gravel No. 4-1 in 
J Gaillard Rockmart Crushed Limestone “ 


*New York 
TABLE 2—CONCRETE MIXES 
Ilinois and Georgia Farms 


Mix Cement Slump Method of 


No, Sk. /eu. yd. in Placing 
Slabs 
l 5 3 Hand 
2 bls 3 Hana 
3 bh, S Hand 
Boxes and Columns 
l 6 3 Hand 
2 iH) 1's Vibrated 
3 6 S Hand 
4 4', 3 Hand 
h 4! It, Vibrated 
6 tl, Ss Hand 

















LONG-TIME STUDY OF CEMENT PERFORMANCE IN CONCRETE 445 


the cement has affected the concrete-making qualities. What parti- 
cular factors are responsible for the differences must be sought in the 
data from the laboratory tests and plant observations. 

Of importance also in the series of field structures is the project designed 
to study the effect of exposure of reinforced concrete to sea water in 
northern and southern latitudes and to fresh water in the north. 

One hundred thirty-two concrete piles, 12 by 12 in. in cross-section, 
were made at Franklin Park, Illinois, with the Deitrick-Bullen Con- 
struction Co. as contractors, using 22 of the test cements. There were 
six piles for each cement, three were 30 ft. long and three were 20 ft. 
long. Fig. 2 and 3 show the making of these piles at Franklin Park. 

The 30-ft. piles were shipped to Buzzards Bay where they were driven 
by jetting in the Cape Cod Ship Canal. The 20-ft. piles were shipped 
to Kingston, New York, where they are available for driving this coming 
spring in the Hudson River. The mixes and consistencies were: 


1. 5sk. per cu. yd. cement, 2-in. slump, vibrated 
2. 7 sk. per cu. yd. cement, 2-in. slump, vibrated 
3 sk, per cu, yd. cement, S8-in. slump, hand-placed 
(Local sand and gravel were used) 


~I« 


Sixty-six similar piles, 30 ft. long, using the same 22 cements, were 
made at Jacksonville, Florida, by the Ingram Construction Co., contract- 
ors. The driving of these piles in Salt Run, near St. Augustine, Florida, 
was completed on December 22 

While the piles were being made at Franklin Park, two 6 by 6 by 30-in, 
beam specimens were made for each mix and consistency for each cement. 
These 132 beam specimens were transported by truck to Eastport, Maine, 
where through the courtesy of C. I. Wuerpel, half of them are now on 
exposure alongside of his special test specimens and the other half are in 
storage for later exposure at the same place 

Mr. Wuerpel took readings with the sonic apparatus before the instal- 
lation of these specimens and has made subsequent readings at each 
period of observation on his own specimens 

During the coming vear, an additional group of piles will be placed 
at some sea water exposure in southern California, A farm will also be 
established at some point in the west for exposure of specimens to alkali 
soils 

The test cements are also to be used in thin sections of concrete like 
parapet walls on two or possibly more important structures where they 
will be exposed to severe changes in weather, 

Of the third phase of this program-—laboratory tests of clinker and 
cements —only brief mention will be made, The program requires that 
every type ol laboratory test now recognized or later to be devised which 
will relate the characteristics of the cement to its performance unde 
service conditions shall be carried out, This part of the work is well 
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Fig. 1 (above) —Specimens at Illinois 
farm 





Fig. 2 (above) and 3 
(at left)}—Making con- 
crete piles at Franklin 


Park, Hl. 





? 


under way and many data on chemical and physical properties of the 
cement and clinker are available, Petrographic studies of the clinker 
are also well advanced, In all of this work individual grab samples are 
being studied as well as composites 


The program as a whole is now more than half completed, 


Discussion of this paper should reach ACI Secretary in triplicate 
by July 15, 1942, for publication in the JOURNAL Supplement, 
concluding Proceedings V. 38. 





























A part of PROCEEDINGS OF THE AMERICAN CONCRETE INSTITUTE Vol. 38 


JOURNAL 


of the 
AMERICAN CONCRETE INSTITUTE 
Vol. 13 No. 5 - 7400 SECOND BOULEVARD, DETROIT, MICHIGAN April 1942 


Canal Lining Cured by Sprayed Coats of White- 
Pigmented Compound * 


By O. G. BODENT 


SYNOPSIS 


The expense and inconvenience of water curing by sprinkling 24 hours 
a day on a project where concrete canal lining was progressing as much as 
1000 linear feet per day, were avoided by using sprayed curing com- 
pounds. An 8!6 mile section of canal was coated with a clear compound 
plus burlap shading for three days. On the next section tests showed 
that a white-pigmented compound eliminated the need of burlap shading. 
Heat reflecting characteristics of the white-pigmented compound kept 
concrete temperatures as low as when the clear coated concrete was 
shaded. 


Adequate curing of the extensive surfaces of concrete canal lining has 
been a major problem in construction of the Contra Costa Canal. Speci- 
fications originally required: 

Exposed surfaces of concrete shall be protected from the direct rays of the sun for at 
least three days. All concrete shall be kept continuously moist for at least two weeks 
after the concrete has been placed. . . In lieu of the above requirements, the con- 
tractor may, with the consent of the contracting officer, cure the exposed surfaces of the 
concrete by the application of an approved clear curing compound 

Under normal operations, as much as 1,000 linear feet of canal has 
been lined in one day, and it is evident that water curing by sprinkling 
24 hours a day for two weeks would be almost prohibitive from the stand- 
point of required equipment and the expense. The accumulation of water 
in the bottom of the canal would also greatly hamper other operations. 


The contractor for the first section of approximately 8% miles of lined 
canal elected to cure the concrete lining with clear curing compound 
plus shading for three days. Burlap was stretched across the top of the 

*Received by the Institute Apr. 3, 1941—one of three papers by Mr. Boden about construction practices 
on the Contra Costa Canal, Delta Division, Central Valley Project. See “Machine Methods for Trimming 
Subgrade and Placing Concrete Canal Lining,’’ ACI Journa., Nov. 1, 1941; “Transit Mixers Used Effec- 
tively on Contra Costa Canal,’’ ACI Journat, January 1942—both previous papers also in this Proceedings 
Volume (38), p. 117 and 269 respectively. 

+Construction Engineer, Bureau of Reclamation, 
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Fig. 1—The first coat of 
curing compound is applied 
from the rear of the travel- 
ing platform used by trow- 
elers. The spraying —_ 
ment consisted of a supply 
tank and pressure pump 
driven by a small gasoline 
engine 





canal prism and staked to the ground. This proved effective, except that 
during strong winds it was very difficult to keep the burlap in place. 
The contractor on the next section of about the same length elected to 
use the same curing methods. Dvring the construction of this section, 
experiments were conducted to determine the effectiveness of a white- 
pigmented curing compound which would reflect the rays of the sun 
and, it was hoped, eliminate the necessity of shading the concrete. A 
number of recording thermometers were embedded in test sections of 
concrete lining coated with the white-pigmented compound and exposed 
to the sun. Others were placed in test sections of concrete lining coated 
with clear curing compound and shaded from the sun for three days. 
Results indicated that temperatures under white-pigmented curing com- 
pound were as low and sometimes lower than those which prevailed 
under the portions cured with a clear compound and shaded from the sun 
with burlap. In addition, the white surface continued to function in 
reducing temperature fluctuations for an extended period. Conclusions 
drawn from these and other investigations by the Denver laboratory 
resulted in the approval of the white-pigmented compound for use on the 
next section of canal lining. 

Different kinds of white-pigmented curing compounds have been 
used, in both 2-coat and 3-coat applications, with excellent results. The 
first coat of compound was applied by spraying immediately after the 
final trowelling of the surface. The spraying equipment consisted of a 
supply tank and pressure pump driven by a small gasoline engine, all of 
which were mounted on the rear end of the travelling platform used by 
the finishers for final trowelling of the concrete surface. A compressor 
and pressure tank mounted on a truck were used in applying the succeed- 
ing coats. 


Tests indicate that a coverage of 100 sq. ft. per gal. of white-pigmented 
curing compound containing 30 per cent non-volatile solids in the vehicle, 
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applied in 3-coats, or a coverage of 150 sq. ft. per gal. of white-pigmented 
curing compound containing 45 per cent non-volatile solids in the vehicle, 
applied in 2-coats, were practically equivalent to 14 days water curing. 
An added advantage of the curing compound is that the membrane 
remains much longer than the period usually required for water curing 
and so continues to function, to some extent, in retaining moisture and 
reducing temperature fluctuations due to the rays of the sun. 


Specifications for that section of canal for which a contract was recently 
awarded contain the following provision: 
the contractor may, with the consent of the contracting officer, cure the exposed surfaves 
of concrete by the application of an approved clear or white-pigmented curing compound: 
Provided, . . . . that protection from the direct rays of the sun will not be required 
if white-pigmented curing compound is used. 


Discussion of this paper should reach the AC | Secretary in triplicate 
by July 15, 1942, for publication in the JOURNAL Supplement, 
concluding Proceedings V. 38. 
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Earthquake Stresses in Frame Structures* 


By ROBERT E. GLOVERT 


A 


Member American Concrete Institute 


SYNOPSIS 


A way of utilizing the instrumental records obtained from past quakes 
to evaluate the earthquake resistant qualities of proposed or existing 
structures is developed. The effect of damping may be included and a 
method of using a torsion pendulum to obtain certain important results 
is described. The condition under which an earthquake allowance in 
the form of a transverse load proportional to the weight may be safely 
used is identified. 


INTRODUCTION 


The methods outlined in the following paragraphs have been found 
to be effective in extending the theory of vibration of beams and adapt- 
ing the modification to the evaluation of stresses in certain types of 
structures when their supports are shaken by an earthquake. Since good 
accounts of the theory of vibration of beams with fixed supports may be 
found in the literature’ ® it will only be necessary, before taking up the 
new development, to review those parts which are useful for the present 
purpose. These are the following: The statement of Newton’s law of 
motion for an element of the beam leads to a partial differential equation 
of the fourth order whose dependent variable is the displacement of the 
element from the position of no stress and whose independent variables 
are distance, measured along the centerline of the beam, and time. A 
solution to this equation can be found in the form of a product of a 
function of the length and a simple harmonic function of time. The 
substitution of a trial solution of this form into the partial differential 
equation will yield an ordinary differential equation of the fourth order 
from which the appropriate expression for the function of length may be 
determined. This solution will contain four arbitrary constants which 
must be determined by imposing the appropriate conditions at the sup- 

*Received by the Institute Feb. 1, 1941. 

tSenior Engineer, Bureau of Reclamation, Denver 


See ‘‘References’’ at end of paper 
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ports. A peculiar situation arises when this is attempted since the right 
hand members of the four equations of condition are all zero. This 
prevents a solution of the simultaneous equations in the usual manner. 
In order to obtain a solution it is necessary to make the determinant of 
the system equal to zero. This can be accomplished by adjusting the 
modulus of the time variable whose magnitude has not, as yet, been 
determined. It is found that there is a succession of discrete values which 
will satisfy the requirements. With these values it becomes possible to 
compute three of the unknown constants in terms of the fourth. Each 
of these sets of constants will define a deflection pattern whose frequency 
of vibration can be computed from the discrete value of the time modu- 
lus associated with it. These patterns are referred to as ‘Modes.’ The 
meaning of these results, in physical terms, is that a beam can vibrate in 
several ways or ‘‘modes,”’ and that each of these ‘‘modes’’ possesses its 
own characteristic frequency. This behavior is in sharp contrast to 
that of an idealized system, consisting of a concentrated mass held in 
position by a weightless spring, which has only one frequency of vibra- 
tion. The difference in behavior can be traced to the fact that the 
masses and restoring forces in a beam are distributed whereas in the 
idealized system they are not. It remains to determine the magnitude 
of the fourth constant and thereby to find the amplitude of vibration. 
For a beam which is set into vibration by being pulled aside and released, 
the magnitude of the remaining constants are to be determined by fitting 
the initial curve of the centerline by a series of the mode functions in a 
manner very similar to that used for fitting a given curve by a series of 
trigonometric terms in a Fourier series, 


Our present purpose requires that this theory be extended to include 
the case where the supports are no longer stationary but are subjected to 
an erratic motion such as can be produced by an earthquake. This can 
be accomplished in the following way: Modify the basic differential 
equation by adding a term to account for a constant acceleration applied 
to the supports and solve it subject to the requirement that the beam is 
undeflected at time zero. This solution is readily obtained by adding a 
particular integral to the solution previously found for the differential 
equation applicable to the beam with fixed supports. The particular 
integral required represents the static deflection of the beam under the 
steady loads produced by the acceleration. The initial condition is to 
be met by fitting this curve with a series of the mode functions in the 
manner previously described. The more general solution required may 
now be obtained by making use of the law of superposition. To accom- 
plish this, divide the time axis of the earthquake acceleration curve into 


segments of differential length and sum up the effects which the accelera- 
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tion increments, originating in each of the above segments, contribute to 
the motion at a selected time. This process will lead to an integral which 
is the required solution. It will be found possible to carry out this process 
even though the moment of inertia and the weight per unit of length are 
considered to vary with the length, and the stresses are assumed to be 
proportional both to the strain and to the rate of change of the strain with 
respect to time. This latter modification will introduce a damping of the 
“velocity” or “‘viscous type,” and the oscillations will be found to be of a 
damped sinusoidal type instead of the simple harmonic type previously 
met. The frequency will also be modified to some extent. Since a frame 
is composed of beam elements, the methods described will suffice for the 
determination of earthquake stresses in such a structure also. 


NOTATION 
The following notation is used: 
a, coefficient of the “n’’th mode. 
b, the transverse width of the cross section of a beam at the distance v from the 


neutral axis. 
(>, Cy, constants. 


E, modulus of elasticity. 

F, natural frequency of an undamped system. 

P's, frequency of the “n’’th mode. 

9; acceleration of gravity. 

i. moment of inertia of the cross section of a beam. 

J, polar moment of inertia of a torsion pendulum disc. 
kK, viscosity constant. 

kn, a quantity connected with the “n’’th mode. See equation 27. 
ss the spring constant of an idealized system. 

L, length of the vibrating beam. 

m, bending moment. 

M, weight of the vibrating parts of an idealized system. 
R, damping constant of an idealized system. 

- damping constant of the torsion pendulum. 


S (x), static load deflection at the point z. 
T (t), a function of time only. 


t, time. 

V, transverse shear in the vibrating beam. 

v, a distance measured from the neutral axis in a direction normal to the centerline 
of the beam. 

w, displacement of the vibrating mass of an idealized system with respect to its 
support. 

uw, displacement of a support of the idealized system with respect to its position at 
the beginning of the quake. 

: acceleration due to a quake. 

2, distance measured along the axis of a beam. 

Y,(r), a deflection pattern for the “nth mode. 

Y, displacement of a point on the centerline of a beam with respect to the support. 

Why displacement of the support of a beam due to an earthquake, measured from the 


original position of rest. 











456 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE April 1942 


On, a damping constant for the “n’’th mode. 

Bn, a constant associated with the frequency of the “‘n’’th mode. 

Oa a multiplier. 

Ye. an equivalent value of transverse acceleration. 

€, unit strain. 

B, weight per unit of length of beam. 

A, a time variable running between o and t¢. 

¢, angle of rotation of a torsion pendulum dise with reference to the support. 

?,, a value of ¢ for the ‘“‘n’’th mode. 

di; angle of rotation of the support of a torsion pendulum, measured from the original 
position of rest. 

P, damping constant for a torsion pendulum. 

¥; spring constant for a torsion pendulum. 

é, angular acceleration applied to the support of a torsion pendulum. 

o, bending stress in beam. 

e, 2.71828 + 


™, 3.14159 + 
FORMULAS 


Consider a section of the beam as shown in Fig. 1. 
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Fig. 1 


A point at a distance zx from the base is displaced by the amount (y + ™), where y: 
represents the displacement of the ground with respect to its position prior to the 
beginning of the quake, and y represents the displacement of a point on the beam 
with respect to the unstrained position. Newton’s law requires that the sum of the 
forces and the rate of change of momentum be zero, or, if u represents the weight per 
unit of length, and g the acceleration of gravity: 


= 2 ra) J j u ry uM o y 
V - (1 + ar) — —dz — — — dz = 0 
Ox g ot g ot? 


where the symbol ¢ represents time. 
This becomes after simplification 


OV a oy a ey , 
ae a : (1) 
ox g ot g ot? 
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If the rotatory 


y inertia is neglected, equilibrium will require that the sum of the moments 
shall be zero. 


Then, 
om z 
m— ie ie dx . i Vdz = 0. 
or 
or 
am 
i (2) 
Ox 


Assume the existence of an internal viscosity such that 


ae eae ae 
or 
Where o represents the bending stress, « the unit strain, EF Young’s modulus, and K 
the viscosity coefficient. 
Then if v represents the distance from the neutral axis of an element bdv of the section 
. O*y ‘ Oy 
o = Ev— + Kv — ‘ er 
oxr- oxr-ot 
The bending moment will be given by 
Ve ve >0. 
m= obvdi 
wr vp, <0 
where 6 represents the transverse width of the cross section at the distance v from the 


neutral axis. Evaluation of the above integral gives 


oy , oy 
m = El + KI - ee . (5) 
or oxr-at 
where 7 represents the moment of inertia of the cross section. The elimination of V 
and m from equations (1), (2), and (5) will yield the basic differential equation 


_¢O ay . & Oy u oy “ee 
E -( I ) + K ( — ) a a ae (6) 
Ox ox or- oral g ot 


where 


is the ground acceleration. 

Solution of the differential equation. The process of solution may be described as 
follows: A special solution for the case of a frame initially at rest and subjected during 
the interval ¢ > 0 to a uniform transverse acceleration yg is first obtained. This solution 
is used to construct the general solution by a process to be described later. 


The special 
solution will now be obtained. 


A particular integral of equation (6) when 
ay; 


or 


is obtainable by integration from the equation 
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BE ie (. ary ) és 
oo ax? = Se had none 7) 


The solution of this equation represents the steady deflection of the frame under the 
influence of the transverse acceleration. Represent the solution of this equation by the 
expression 


w= S (x) COC CHC CHE CHE OSCE EC CS ES OO SES . (8) 
Suppose the transient term to be in the form of a product of functions of z and ¢ only, or 
ON ee Se (9) 


and assume 


—al aa 
T=-—e (cosas + ‘ ving) . .. , (10) 
1 


where a, and #; are constants to be determined later. 
A substitution of these expressions into equation (6) will show that they represent a 
possible form of solution providing 


oe oy ,, “ : 

-E-(1 54 (x? + 6) Yo = 0.........008. | (11) 
ox ox g 

and 

_R z ( I et ) ay LK = ( ] =) ( a? + 6; ) 
Ox? ox? By ox? ax? B, 

_ te (= F Bi" ) a ae reece ee i eee (12) 
g By 


The solution of equation (11) yields the ‘‘mode functions”. Since this equation is of 
the fourth order, its general solution will contain four arbitrary constants. In any case, 
the attempt to impose appropriate boundary conditions will result in a system of simul- 
taneous equations in which the right-hand members are all zero. Such a system of 
equations can have no solution other than the trivial one, in which the arbitrary con- 
stants are all zero, unless the determinant of the system is itself zero. It is possible 
to satisfy the requirement in this case since the quantity (a,* + 8,*) is still at our dis- 
posal. If this quantity is permitted to vary, a succession of values, called ‘“‘character- 
istic values”, will generally be found which will reduce the determinant of the system 
to zero. By using any one of the “characteristic values,” it will be found possible to 
compute the value of any of the unknown arbitrary constants in terms of some selected 
one of these constants. This means that the mode pattern can be worked out but the 
scale cannot be fixed. In what follows it will be assumed that the value of the selected 
unknown constant will be so chosen that the maximum displacement will be unity. 
The subscript n is used to identify the mode pattern. The successive modes are then 
designated as the first, second, third, nth modes. The additional requirement 
necessary to satisfy equation (12) will be found to be 

oy oR (a,* + 6°) ....... re , (13) 
This equation and the characteristic values can be used to determine the damping rate 
and frequency for each of the modes. 

It remains to satisfy the initial condition that 


y= 0 when ¢ 0. 
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This can be accomplished by choosing a solution of the form 


.? 2) 


~ 
"4 S (x) 4 a,Y 


» (z) T, © (14) 
ces. 


and determining the quantities a, to satisfy the requirement 


S (r) a,Y, (x) a (15) 


The values of a, which will accomplish this can be calculated from the expression (*) 


I 


u(r) S (xr) Y, (4) der 


Qn ooh ke 


a (Tr) y (x) dx 


Then the required special solution is represented by equation (14), and it is now possible 
to use it to construct the more general solution. This is accomplished in the following 


Thanher 


d “Vi . 
Consider an accelerometet record XY (A). 
dx 


During the time interval dA an acceleration increment will come into existence of mag- 


dX : 
nitude dy Then at the time ¢ the displacement due to this acceleration increment 
A 


will be 


1 dX 
dy AX 4g Ut \) 
Yd dr 


The actual displacement at the time ¢ will be the sum of all the displacements produced 


by the acceleration increments which have come into existence during the interval, or 


l AX 
y 4 (t \) dd (17) 
1g dn 
Since the function NX is available only in graphical form, its derivatives are difficult 
to obtain, and for this reason it is desirable to reduce equation (17) to another form 
which involves X directly. This can be accomplished by an integration by parts, 
If this integration is made subject to the conditions 


“4 0 when l 0 


and 
X 0 when ¢ 0 
then 
a 
l @ 
? X yy (t \) dd (18) 
yd ON 
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By substitution, and use of the formula for the sine of the difference of two angles, this 
expression can be reduced to 


= © 


Qa. fa? + Be — : 
o* * Gl (=7*) [ Li as Xe™ cos 8dr 
aq Me 7 
t 
— ¢ @! cos Bit xe sna (oe (19) 


This is the solution sought. 


Use of the torsion pendulum 
The torsion pendulum may be used to evaluate the quantity 
t 
oy? + §;* = ; ; 
u= omen on a e aut sinpyt xem cos8,;\dX 
Bi 
t 
—alt y , aX . 9 
—e cospyt Xe sinB,\dd Sent wi , (20) 


Since the evaluation of this quantity by approximate integration methods is a very 
tedious process, use of the torsion pendulum for this purpose will be found advan- 
tageous. 


The differential equation for the motion of a torsion pendulum suspended from a 
movable support is: 
J do dg J d*, 
ee eg i ee a (21) 
g dt? dt g dt? 
Let 
. , p 
F represent the undamped natural frequency of the system, and r = 
Pe 
where 
pe represents the critical damping, or the damping which will just suffice to render 
the motion of the system non-oscillatory. 


Then 


F = =m ov pPe= 2 dl 
2r \ J - . g 
and by substitution in equation (21) 


d*> do d*p, 
= 4rxrF) — 2rF)*> = — 22) 
dt? iv yer) dt Torr dt? ( 


, , ae ; ae :' 
A scrutiny of this equation will show that, if the function a is given, the motion depends 
dt 
only on r and F. 
Introduce the notation 


dd, 
eee i QnF l1l-r’ = 2 2erF = a 
dt? : “ N , y 


then the solution of equation (22) subject to the conditions 
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@¢=0 when t =0 


do 
= (0 whent = 0 
dt 
is 
_—atol f . ; — art Pa 7 
¢=- sinBol et cosB.ddd 4+ cosBol e™": sinBoddd ... . (23) 
Be Be 
A comparison of this expression with equation (19) will show that if & = X, to scale, 
and in addition a, = a: and 6; = fo, then, ¢@ = ®, and 
on . 
Yn = — (a;* + 8,7) ®, . (24) 
9 


TORSION PENDULUM OPERATION 


The torsion pendulum consists of a dise of metal, preferably brass or 
copper, suspended by a length of piano wire. A disc about ten inches in 
diameter and one sixteenth inch thick suspended by a two foot length of 
wire will give good results. The piano wire is attached to a movable 
support at its upper end in such a manner as will permit the wire to be 
twisted. An arm attached to the support carries a pointer whose position 
can be read on a circular scale. An indicating arrow is placed on the 
edge of the dise and a similar scale is placed below it. These two scales 
should be identical. A scale of ten divisions per quadrant works well. 
Damping can be introduced by arranging strong horseshoe magnets in 
pairs on a transparent glass or celluloid sheet supported just above the 
metal disc. The arrangement described is directly analogous to the actual 
case of a structure shaken by an earthquake providing the earthquake 
displacement is imposed on the support and the period of the pendulum 
and its damping rate are made to represent those of the structure. In the 
pendulum arrangement, however, an angular displacement takes the 
place of the linear one imposed on the structure. Since the earthquake 
motions would ordinarily be too rapid to follow manually it will be found 
expedient to alter the time scale in the ratio of about 100 to 1. This is 
permissible providing the period of the pendulum is increased in the same 
ratio. The period of the pendulum is readily adjusted by starting with a 
suspension wire slightly too large and cutting it down with emery cloth 
until the proper period is obtained. The Coast and Geodetic Survey has 
computed displacement tables for a number of quakes. With a displace- 
ment table at hand the operation of the pendulum proceeds as follows: 
The pointer is first set to zero on the upper scale, and the pendulum bob 
brought to rest. The lower scale is then moved to bring the zero opposite 
the arrow on the disc. An operator and a recorder are required. Time 
correlation is provided by means of two stop watches which are started 
simultaneously at the beginning of the run. The operator adjusts the 
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support at frequent intervals, usually every five seconds, and the recorder 
observes the position of the pendulum simultaneously. However, in 
order to give the recorder time to write down his observations he skips 
alternate readings and records every ten seconds instead. A typical set 
of such readings is shown in Table 1. The position of the pendulum with 
respect to the support is obtained by subtracting the pendulum displace- 
ment from the quake displacement. To obtain good results it is necessary 
to adjust the support at sufficiently frequent intervals to describe the 
quake motion closely. It is also necessary to make the intervals small 
compared to the period of the pendulum. A program of at least ten 
adjustments per period should be adhered to. A run is made for each 
mode frequency under consideration. 


TABLE 1 
Frequency 1.00 cycle per second No damping 
E-W Trace of the Helena, Montana, Quake of Oct. 31, 1935 
Time interval—5 seconds Read every 10 seconds 
Total time—S8 minutes 20 seconds T = 87.0 seconds 
t P Q Q-P t r Q Q-P 
0 0 0 0 
10S + 33 29 4M-408 502 364 —138 
20 15 67 52 4 -50 218 369 151 
30 48 101 53 5 -00 20 378 358 
40 102 136 34 5 -10 —2 385 387 
50 168 166 —2 5 -20 168 394 226 
1M-0S | 227 199 —28 5 -30 462 405 —57 
1 -10 265 224 —4] 5 -40 705 401 —304 
1 -20 282 239 —43 5 -50 815 396 —419 
1 -30 275 253 —22 6 -00 715 388 —427 
1 -40 254 266 12 6 -10 462 379 —83 
1 -50 238 280 42 6 -20 150 375 225 
2 -00 242 299 57 6 -30 —25 370 395 
2 -10 272 325 53 6 -40 ~—§ 367 375 
2 -20 324 364 40 6 -50 203 368 165 
2 -30 398 372 — 26 7 -00 490 366 —124 
2 -40 455 299 — 156 7 -10 718 354 — 364 
2 -50 450 22% — 227 7 -20 763 346 —417 
3 -00 352 150 — 202 7 -30 598 341 —257 
3 -10 168 109 —59 7 -40 297 341 44 
3 -20 —30 82 112 7 -50 32 341 309 
3 -30 —182 120 302 8 -00 —83 335 418 
3 -40 | —180 208 388 S -10 12 329 317 
3 -50 5 237 232 8 -20 260 325 65 
4 -00 295 303 S 
4 -10 620 348 —272 Seale constant = —0.000,498,68 
4 -20 738 352 — 386 Max. defl. = —427 (—0.000,498,68) = 
4 -30 702 346 — 356 +0.213 ft. 


P pendulum displacement 
Q quake displacement 

t time 

T pendulum period 
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Treatment of damping 

The equations in the preceding paragraphs are derived on the assump- 
tion that the damping is of the internal viscous type, even though it is 
probably true that of all the types of damping which may be expected to 
occur, this type is least apt to be present. In actual practice the natural 
damping will generally be due to some combination of the following 
causes. 

(1) Elastic hysteresis. 

(2) Mechanical friction. 

(3) External viscous damping due to contact with water or air. 

(4) External square law damping due to eddy formation in water or air. 
At first glance the above statements would appear to constitute a serious 
criticism of the validity of the equations presented, but such is not neces- 
sarily the case. It is to be expected that a knowledge of damping char- 
acteristics will come from tests made upon actual structures of a type 
similar to those under consideration, and that the data will be in such 
form as will not permit identification of the cause. Under these condi- 
tions engineering purposes will be best served by introducing the simplest 
equations which will permit evaluation of the damping effect, and this is 
the course which has been followed herein. If the values of a are chosen 
to represent the actual damping rates, the difficulties described should not 
prevent a satisfactory evaluation of the effect of damping. 


Sample computation 


The methods described above will now be illustrated by application to a cantilever 
beam. If the origin is at the fixed end, the static load curve which will satisfy equation 
(7) is given by the expression: 


—~ 7 | ~ 4k + 621? (25) 
24K 


where yg represents the transverse acceleration. The mode functions which satisfy 
the differential equation, and the conditions that the slope and deflection are zero at 
the fixed end, and that the moment and shear are zero at the free end are of the form:(! 

Ti C2 (cos k,x cosh k,x) + C, (sink,x — sinh k,x) . (26) 


where 


ula,” + 8,2?) 


k, = \ El 4 (27) 
and 
c. (= k,L + cosh k, *) y, (28) 
: 2 sink,L sinh kL 
C, Ee k,L — sinh =) y, (29) 
2sink,L sinh kb 


where Y = ¥, when x L. 
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The first three characteristic values are: (!) (4) 

kL 1.87510 

keoL = 4.69410 

k3L = 7.85476 
The mode amplitudes can now be computed from equations (16), (25), and (26). 
They are: 


2yuL' 

= ——— (— (0.06334) ....... 30 

1 = Fly, ( 3334) (30) 
Qyul 

= - 0.000894) ... 3 

az EIY, (+ ) (31) 
QyuL' 

= - - (— 0.000066) ..... . : 32 

“= Fry, ‘ » ead 


It is worthwhile to note here that since Y; occurs in the denominator of the above 
quantities it exerts no influence on the products a, Y,. This means that the value of 
Y, can be chosen arbitrarily to suit the convenience of the computer. 

The frequencies can be computed with the aid of equation (27) which can be put in 
the form 


E 
a,? + B,? = : 
pL 


If an appropriate value of K is known the value of a, can be computed by means of 
equation (13), but since damping may be due to a combination of causes it may be 
preferable to determine a, by use of data obtained from structures similar to the one 
under consideration. When the value of @, has been fixed, the value of 8, is readily 
found. The natural frequency is then obtained from the relation: 


r= =. (34) 
2a 
The numerical values can now be used. These will be chosen to represent appropriate 
values for the Boulder intake towers. 
Let J = 985,000 ft.‘ (approximate value at the base) 
L = 340 ft. 
» = 708,000 lb/ft. (approximate average value) * 
E = 576,000,000 lb /ft?. 
y = 1.0 
choose 
Y; os 1.0 ft. 
then 
ovules = 33.35 
ElY, 
a, = — 2.11 
a, = + 0.0298 
a3 = — 0.0022 
for the present purposes assume a, = a= a; = 0 which is the condition for no damp- 
ing. The frequencies can now be computed. These are: 


I 
: (k»L)4 (33) 


~ 


*This quantity is made up of the following items: 
Oe See Se ae ‘ 272,000 Ib. per ft 
Water between fins and inside the shaft os : 162,000 Ib. per ft 
Water outside the fins which may be considered to move with the tower. . 274,000 Ib. per ft 


708,000 Ib. per ft 
For means of computing the last item see par. 68 of the sixth edition of Lamb's “Hydrodynamics.” 
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F, = 0.7776 cycles/sec. 

F, = 4.873  cycles/sec. 

F; = 13.64 cycles/sec. 
The bending moment at the base of the tower will be computed for purposes of illus- 
tration, but the same methods would apply elsewhere in the structure. The bending 
moments can be obtained by differentiating equation (24) twice with respect to z and 
multiplying by EJ. Then, if m, represents the bending moment for the nth mode, 
_ a IY", 

9 
The curves shown on Fig. 2 were computed by using this expression together with the 
pendulum runs for the first two frequencies calculated above. Displacement curves 
for the east-west component of the Helena, Montana quake of Oct. 31, 1935 were used 
in making the runs. The maximum moment occurs at about 2.7 seconds after the 


start of the quake where the first and second mode moments combine to produce a 
total of about (7.5) 10° foot pounds. 


My, = 


(a,? + B,?) ®, 


6 T 











Second mode 





MOMENT IN BILLIONS OF FOOT- POUNDS 








4.87 C.p $7" 
4a + 1 — 
First mode 
0.78 C.p.S.-” l 
6 oan i i 
i 2 3 a 5 


TIME INSECONDS 


Fig. 2—Bending moments at base of uniform cantilever beam 
Subjected to Helena, Montana, earthquake of Oct. 31, 1935. E-W Trace 


Approximate methods 
The mathematical work can be much simplified if the characteristics of the structure 

are such as will permit it to be treated as a system having a single degree of freedom. 
Such a system can have but one frequency of vibration which can be computed from 
the expression 

fatwa (36) 

2 NM 

where 

k represents the spring constant 
and 

M the weight of the vibrating parts 


*The viscosity forces are neglected. 








466 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE April 1942 


Fig. 3—Improved earthquake an- 
alyzer constructed at the Burcau 
of Reclamation 


The earthquake displacement record runs 
over a drum under the rectangular window 
below the diagonal mirror at the top of the 
machine. An operator follows the record 
with a pointer by turning one of the pairs 
of knobs. A second operator follows the 
motion of the dulum by turning the 
second pair of knobs. To permit this an 
image of the pendulum is brought up 
through the round window under the second 
diagonal mirror. The required subtraction 
is automatically made and the response 
curve drawn on a chart. Damping is ap- 
plied by magnets —e on the pendulum 
ise. 








Let 
w represent the displacement of the weight with reference to the support 
and 
w, the displacement of the support due to the quake measured from the initial 
position of rest. 
Then the differential equation of motion will be 
M d*w , aw bil M d*w, (37) 
g dt dt g dt 
where 2 represents the damping constant. 
The substitutions 


l . . 
FP = : gh ht. 2 \ kM and ry . 
2r \ d g R. 
will immediately reduce this equation to the form 
dw 


dt? 


Pw, 


dt? 


,, dw ; 20\ 
+ (4rixF) + (2rF)*w (38) 
dt 
A’com parison of these equations with equations (21) and (22) will show that they are 
analogous expressions for linear and rotary motions. 
When the oscillation reaches its maximum amplitude the velocity becomes zero and 
the ubove expression then assumes the form 
. a? 
(2¢F')*Wmoe - (w + w) .. (39) 
dt? 
The right-hand member of this expression represents an acceleration, and since the 
stress in the elastic members which supply the restoring force is proportional to the 
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TABLE 2 
E-W Trace of Helena, Montana, Quake of Oct. 31, 1935. 


(2x F’)? @naz 
29 


Ye 39 9 x 100. (in %) 

F (2xF)? —— Yen Y 
0.50 9 87 0.2132 6.53 
0.75 22.2 0. 2007 13.8 
1.00 39.5 0. 2092 25.6 
1.25 61.7 0.1052 20.1 
1.50 88.8 0.0770 21.2 
1.75 120.9 0.0473 17.8 
2.00 157.9 0.0558 27.4 
2.25 199.9 0.0532 33.0 
2.50 246.7 0.0678 52.0 
2.75 298 6 0.0558 §1.7 
3.00 355.3 0.0531 58.6 
3.25 417.0 0.0411 : 53.2 
3.50 483.6 0.0461 69.2 
3.75 555.2 0.0428 73.8 
+ 00 631.7 0.0351 68.9 
4.25 713.1 ~() 0225 49.8 
4.50 799.4 0.0311 i er 
4.75 890.7 0.0241 66.7 
5.00 987.0 0.0257 78.8 


displacement w, the left-hand member can be seen to represent the maximum equiva- 
lent acceleration applied to the structure during the oscillation. Then the maximum 
equivalent acceleration applied to the system during the quake can be obtained by 
multiplying the greatest displacement by the quantity (2F)*. 


This result can be expressed as a percentage of gravity by dividing by the accelera- 
tion of gravity and multiplying by 100. Table 2 contains a series of such values computed 
for the east-west component of the Helena, Montana quake of October 31, 1935. 


The working of this approximate method will be illustrated by applying it to the 
intake tower data. 


The weight of the tower is 
M (708,000) (340) 240,720,000 Ib. 


Since the center of mass of a uniform cantilever is at midheight, the spring constant 
will be estimated from the formula for the deflection of a cantilever with a concen- 
trated load at the end. In this case the cantilever will have a length equal to half the 
tower height. 


Then 
3K1 ee , 
(346.4) (10)° 
(L/2) 
pounds to produce a deflection of one foot, 
and 
ke I gh I (32.2) (346.4) (10)! 


27 Nu 2e \ (240.72) (10) 
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or 
F = 1,08 cycles per second. * 


This value corresponds approximately to the first mode frequency of €.7776 cycles 
per second previously obtained. The nearest tabular value is for 1.0 cycles per second, 
and the equivalent transverse acceleration from Table 2 would be 25.6 per cent gravity. 
The maximum bending moment at the base would then be 

240.72) (10)*® (340) (0.256) 
es “ ) ¢ = (10.48) (10)? ft.lb. 


This value would compare with the (7.5) (10)° foot-pounds of bending moment 
previously obtained. Since the maximum recorded acceleration during the quake 
was about 15 per cent gravity for this component, the value of 25.6 per cent gravity 
obtained represents an evaluation of the effect of resonance. 


A comparison of the distribution of bending moments obtained by this approximate 
procedure with those previously obtained would show that, while it gives too large 
moments at the base, the computed moments at the higher elevations would be less 
than they should be. The reason for this is to be found in the response in the second 
mode which will produce strong bending moments at about midheight. 


a The limitations of the method of providing for earthquake forces by designing the 
structure to withstand a transverse load equal to a fixed percentage of the weight can 
now be seen. The limitations of this method are essentially those of the approximate 
procedure just described. This will work well if the structure actually approximates 
the idealized case of a concentrated mass held in position by a weightless spring, but if 
the restoring force and the weight are both distributed, as they are in a frame, then 
there may be vibrations in several modes, and the bending moment distribution obtained 
by the approximate method may be unreliable. 


CONCLUSIONS 


The conclusions arrived at as a result of these studies may be sum- 
marized as follows: 

(1) A solution has been found for the case of a framed structure sub- 
jected to an earthquake, 

(2) The effect of damping can be accounted for. 

(3) Data obtained from experiments performed on a torsion pendulum 
can be substituted for data obtained from computation with considerable 
saving in time. 

(4) Either an accelerometer record or a seismograph record can be 
used as a basis for the computation. 

(5) The methods developed make it possible to plot the time history 
of the response of all points in a frame structure, subjected to any quake 
for which an accelerometer or seismograph record is available, 

(6) A frame will vibrate in a number of distinct patterns or ‘‘modes”’ 
each of which has its own associated natural frequency, 

(7) The use of an earthquake allowance in the form of a transverse load 
which is a specified constant fraction of the weight of the structure will 


*The Rayleigh method can aleo be used for estimating the frequency. For a deacription of thie method, 
see paragraph 14 of Timoshenko's "Vibration Problema in Engineering,” second printing, p. 55, 
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give reliable results only if the structure actually approximates to the 
idealized system consisting of a concentrated mass held in position by a 
weightless spring. 


(8) If the mass and restoring forces are both distributed, as is the case 
in a frame, a response in several modes may be obtained, and the resulting 
moment distribution will not correspond to that obtained for any trans- 
verse load which is a fixed proportion of the weight. 


(9) If the structure approximates the idealized system having one 
degree of freedom, the use of a transverse load which is a fixed proportion 
of the weight is proper, and the factor of proportionality for any quake 
can be obtained by use of the torsion pendulum, 
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Earthquake Stresses in Frame Structures* 
DISCUSSION BY MERIT P. WHITE, ERIK SOLLID AND THE AUTHOR 


By MERIT P. WHITET 


The problem of designing earthquake resistant structures is a very 
important one in many parts of the world. It is also a very difficult and 
complicated problem. Present design methods are empirical, and are 
justified mainly by the fact that they are known from experience to give 
earthquake resistance. Efforts, such as that of Mr. Glover, to supply : 
sound analytical, rather than empirical basis for earthquake design, are 
worthwhile and should be continued. 

The extreme complexity of the problem of seismic design has two 
sources. One of these lies in the complicated nature of ground motions, 
and in the fact that no two earthquakes are alike. The second is the fact 
that even the simplest structure is a tremendously complicated mechani- 
cal system. The existence of distributed internal friction and yielding 
supports makes the situation worse. 

Fortunately, these two complicating factors can be treated separately. 
Any structure, even the most complex, has certain normal modes of 
vibration. Each of these has a definite shape, frequency, and rate of 
energy dissipation. The response of a structure to a disturbance will be 
the sum of the responses of its various modes. It can be shown that, to a 
close approximation, there is a definite relation between the response 
of a particular mode of a particular structure and the response of a 
simple, one degree of freedom oscillator with the same period and the 
same degree of damping. The response of a simple oscillator to a particu- 
lar disturbance can be found either experimentally, as suggested by the 
author, or analytically! without much difficulty. 

The experimental method which the author describes consists in giving 
to the support of a torsional pendulum an angular displacement propor- 

*ACI JOURNAL, Apr. 1942; Proceedings V. 38, p. 453. 


tDept. of Civil Engineering, Illinois Institute of Technology, Chicago. 
‘See references at end of discussion. 
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tional to the linear displacement of the shock being studied. The response 
of the pendulum may be measured. The principal objection to this 
method lies in the fact that all usable strong motion records are accelera- 
tion records which must be integrated twice to give displacements. This 
double integration is a difficult and tedious task™. In his Conclusions 
the author states that an accelerometer record can be used with the com- 
putation method. This is true, of course. It is also true that an acceler- 
ometer record can be used to govern the displacement of the base of the 
torsion pendulum used in the experimental method, The resulting pendu- 
lum response can be easily used to find the response which would result 
if the ground displacement were used in place of the acceleration. The 
substitution of acceleration for displacement records in model studies 
is described in a paper by Ralph Byrne and the writer™. 

The title of the present paper is somewhat misleading since the analysis 
contained therein applies directly only to the case of a cantilever beam 
which is flexible in bending and is supported on an unyielding base. 
Comparatively few frame structures can be so represented, It is implied 
(see end of Introduction) that since a frame is composed of beam elements 
the present analysis can be applied to frame structures. The difficulty 
of such an undertaking can only be described as colossal. Furthermore, 
the presence of floors, walls, and interior partitions will so alter the char- 
acteristics of a frame that any results obtained in this manner will be 
without significance. 

Internal friction undoubtedly has a very important effect on the 
response of a structure to an earthquake. The author lists possible 
sources of friction in a building and proposes the use of a viscous or 
linear friction law to care for the damping effect. The little evidence 
available indicates that a linear damping is the best approximation to the 
actual friction mechanism™ ”. Of course there are numerous types of 
linear damping. The author introduces viscous stresses proportional to 
rate of change of strain (I¢quation 3). Another possibility is to consider 
external forces proportional to rate of change of displacement. The 
available evidence indicates that for a typical building both assumptions 
are about equally in error, and that the true situation is between them, 

On the basis of the facts mentioned, the writer suggests that no por- 
tion of the earthquake problem can be treated by pure theory, unless 
enough simplifying assumptions are made to completely invalidate the 
conclusions. The writer believes, however, that it is possible so to com- 
bine theory with experiment as to give results of engineering value. 


If the shapes, frequencies, and damping coefficients of the lower modes 
of vibration of a structure are known, together with the distribution of 
weight, then the inertia forces in this structure caused by any disturbance 
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can be calculated. For certain idealized types of structures the mode 
shapes can be found analytically without great effort. Mode shapes have 
been determined experimentally for many existing structures by use of 
the building vibrator constructed by Stanford University and the 
USCGS®. With experience, it is possible in many cases to assume mode 
shapes with enough accuracy for engineering calculations. 

Natural frequencies have also been obtained by means of the building 
vibrator. A comparison of these with the frequencies calculated from 
knowledge of the frame stiffness and weight distribution shows great dis- 
agreement, due to the fact that walls and partitions furnish the greatest 
part of the stiffness of an ordinary building. However, it is possible to 
predict the lower frequencies of a proposed structure from knowledge of 
the frequencies of similar structures on similar sites, 

The damping in existing structures can also be measured by use of the 
vibrator, although few such investigations have been made, When 
more information on this subject is available it will be possible to predict 
accurately enough the damping factors for a proposed building. 

Consider a typical, approximately symmetrical building. Using the 
author’s notation, let the weight distribution be represented by the func- 
tion u(x), where x is distance measured from the base. The lower mode 
shapes are found analytically or experimentally and are represented by 
the functions Y,(xr), where n .a3 , indicating mode order. 
As in the author’s analysis, the scale of the Y,’s is unimportant, only the 
mode shapes are significant. Since the Y,’s represent independent modes 
of vibration they constitute, to a first approximation, a complete set of 
functions which are orthogonal with respect to the weight function u(x). 
That is 

J, uY.Yndr =O ifn¥m........... eT 


In addition, the frequencies f, Ps and the damping coefficients a, 
a7 
associated with the different vibration modes are assumed to be known. 
Let this system be subjected to a base motion consisting of a constant 
velocity Au which begins suddenly at time ¢ 0. The resulting deflec- 
tion (not displacement) of any point of the structure at any time can be 
represented by the expressions: 


yz, =0; t2o . | Lene ae 
—a,l > (2) 
y(a, t) ZY,(ze (a, sin Bt + 6, cos B,t);tS0........ | 
n Ll2&ed. 


The coefficients a, and b, can be found from the requirement that at 
time ¢ 0 
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y(r, tl) = 0 
dy 
at 


= —Au 


It can be shown that all the b,-coefficients must equal zero, while the 
a,’s are determined wg the relation 
Au = 2 B,a,Y,( 
n = 1, 2, 3. 
Multiplying both sides of the last equation by u(r) Y,(r)dr and integrat- 
ing over the height of building yields 


L 
a Y,dxr 
Ay Au f, M = (3) 
r 2 
B,, {, uy ,fd 
For a velocity increment beginning at time ¢ \ instead of ¢ 0, the 


response is found by replacing (in Equation 2by¢— dA. Then, combining 
expressions 2 and 3, there is obtained: 


y(a, t) 0; *2ar 


wy (2,0) Zz FV. (2) ‘. oY pdr Ay 


The last expression can be generalized to care for any kind of base motion 

simply by treating the latter as a series of velocity increments Au which 

occur at successive instants A. At any time ¢, the total response of the 

system will be the cumulation of the effeets of all the impulses occurring 

up to that time. The disturbance is assumed to begin at ¢ 0. Since 

Au ~ AX NAA, where X earthquake acceleration, the general 
tf 


expression becomes 


, J 0 uw) l % a, (1 d) 
y(z,t) = 2 Y,(2) 77 : 
J. uy ,2dx | Ba J0 Ne sin BCL N)dax 

n ‘. (4) 

“f: WY nl 
R(t) 

a i BY 2d 

n l, 2, 3! 


The quantity 2,,(0) is the deflection of a simple oscillator whose frequency 
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and damping correspond to the nth mode of the structure, caused by the 
disturbance X, 

Ordinarily, the transverse shear force! will be the critical load on a 
building. The shear at the base of the structure is obtained by summing 
up the inertia forces over the whole system, It can be shown that the 
shear force at the base is given approximately by the expression: 


~~ [J ‘u¥ de J (2.8,") 


H(t) _ f 


> 


I , 9 
p) dae 
n l, 2, 3, ; (5) 


= A,(R,8,*) 
n .. 2 oO 
For any structure whose modes have been determined, and for any 
earthquake shock, the above expression can be evaluated. Note that 
each term in the series is the product of two factors, one, A,, depending 
only on the characteristics of the structure, the other, 2,8,°, representing 
approximately the shear in a simple oscillator of known frequeney and 
damping and of unit mass, caused by the given ground motion. It has 
been found that the first term of the above series, representing the con- 
tribution of the fundamental mode, is ordinarily the most important. 
It is interesting to compare values of the A-coefficients for different 
types of structures’ ; 


1. Coneentrated mass (the simple oscillator) 


A, 1: Ao As (). 
2. Structure of uniform mass and shear stiffness on a rigid base. The 
> 2 
. Can Ll) ara ae 
modes are represented by the functions Y, sin . Then it 
9] 


can be shown that 
A, O.S1; As 0.09; Ay 0.08 


3. Mass and shear stiffness both vary linearly from top to base, 
Foundation is rigid, The mode shapes are given by Bessel Functions and 
A, = 0.69; A, = 0.13; Ay = 0.05 


1. Mass is uniformly distributed. Fundamental mode deflection is 
proportional to x2. This may correspond to a very rigid strueture on a 
yielding base, or to a structure in which shear and bending flexibilities 
are about equally important, Then 

Ay 0.75 


5. The same as above except that fundamental mode deflection is 
parabolic, proportional tow. Then 
A, 0.55 
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It has been shown that the response of any structure to an earthquake 
can be expressed in terms of the responses of simple damped oscillators 
to the motion in question. This fact will greatly simplify the investiga- 
tion of the general earthquake problem. As strong motions occur and 
are recorded, the responses of simple oscillators of different periods, and 
degrees of damping can be found. When enough shocks have been 
analyzed in this manner it will be possible to construct curves of expected 
intensities in terms of oscilator period and damping, and location. 
Finally, any proposed structure whose fundamental period, damping 
and mode shape are known approximately, can be designed for definite 
lateral forces. In this way it will be possible to obtain more consistent 
design than is possible by present methods. 
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By ERIK SOLLID* 


The writer wishes to emphasize the importance of the relation between 
the natural vibration period of a structure to the nature of the earthquake 
motion. The objection to using a horizontal design force as a fixed por- 
tion of the weight could be overcome easily by using different proportions 
of the weight at different elevations. Also, he cannot agree with the 
author that damping can be accounted for entirely merely by introducing 
a fixed “damping rate.’ In cases of slipping of joints, yielding of founda- 
tion, yielding of locally overstressed parts, a great amount of energy is 
absorbed without adding anything to the kinetic energy of vibration; 
hence, the period of vibration of the structure is changed. The relation 
between the natural vibration period of the structure and the vibration 
of the ground during an earthquake is, no doubt, the largest single factor 
determining stress in a structure subject to an earthquake. Therefore, 
damping, such as mentioned above, has perhaps its biggest effect by 





*Bureau of Reclamation, Denver, Colo. 
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preventing synchronism between the vibration period of the structure 
and that of the ground. 

C. 8S. Newell and the writer™ approached the problem of stresses in 
structures caused by earthquakes by calculating deflections resulting 
from inertia forces acting during forced vibration. From the deflection 
at any time, expressions for inertia forces were evolved. This work was 
limited to the fundamental mode of vibration, and the effect of damping 
was also here introduced merely as a “damping rate.’ (For detail dis- 
cussions and derivation of equations, the reader is referred to reference 1.) 

From Fig. A to C, the following relation between the structure and the 
ground acceleration is easily set up. 


ds u ds k d?x ‘ , 
+ 4—s = = acceleration of the ground motion. . (1) 
dt? m dt m dt? 
where 
s = deflection of mass center of vibration of the structure, 
u = frictional force, in pounds per unit velocity of deflection, 
m = mass, 
k = spring constant of a structure expressed in pounds per foot 
deflection, s, 
t = time. 


For purpose of illustration, the right-hand member of equation 1 was 
first set equal to the acceleration of an idealized earthquake motion fol- 
lowing the laws of simple harmonic motion; that is, 


5 zu” sin wt ew eer 
dt’ 
where 
z = maximum displacement of the ground during an assumed earth- 
quake of simple harmonic motion, 
w = angular velocity of simple harmonic earthquake motion. 


Letting u. be the value of wu for critical damping (critical damping is 
such that when a structure is deflected from its position of rest and 
released, the structure will move back to this position without vibrating 
back and forth) and letting the period of earthquake motion be the same 
as the natural period of vibration of the structure, the maximum deflec- 
tion the structure would suffer may be expressed by 

wm U, : 


Smaz = 2 . . . . . ‘4.4 6) Wee he . . ° . (ues (3) 
k Qu 


1Technical Memorandum No. 583, “Method of Calculating Deflections of a Structure Subject to a 
Known Earthquake,’’ Nov. 8, 1938, Bur, of Rec., Denver, Colo. 
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Kquation 3 shows that even at reasonance the deflection will not build 
up indefinitely but will approach a definite value, depending on the degree 
It is agreed that here the damping could be represented by 


of damping. 
However, as soon as the damping is caused by 


a fixed ‘damping rate.” 
slipping of joints, or by any inelastic yielding, the synchronism is broken 
and the relation of equation 3 is not valid. It is therefore evident that 
the deflection, hence the stress, would be different than it would be were 


it based on a fixed damping as used in equation 3. This is also true for 
the higher modes of vibration. 


Inspection of the records of past major earthquakes shows that the 
accelerograms consist virtually of straight lines between certain time 
limits. It is therefore convenient to divide the accelerograms into parts, 
one for each straight portion, as shown dotted and marked in Fig. D 
Let a denote acceleration at the beginning of any straight portion, and 


let ¢ denote the slope. Then the acceleration of the earth at any time ¢ 


will be 
dy 
" - } ) 
dt? 
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where ¢ is measured from the beginning of each straight portion Insert- 


ing in equation | and solving, gives 


‘i 
t 
2m 
' I Me ‘ 
s ¢ (A sin pt 4 B cos pt) -4 (a+ ct) (5) 
Pp m p" 
where 

( 2.718,282 - - - 
p angular velocity of simple harmonic motion of a structure, 

A and B arbitrary constants, 


By means of equation 5, for any given structure and earthquake, the 
deflection s of the structure at any time may be computed. However, 
it is subject to the restriction that the damping is introduced as a “damp- 
ing rate.”’ 








472-10 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE Suppl. Nov. 1942 


From the maximum deflection, the maximum inertia force may be 
evaluated. Expressing this force as a part a of the weight or gravitation, 
the value of a may be expressed by 


a 8maz- P (6) 
i] 
where 
g = acceleration of gravity, 
Smaze = Maximum value of deflection at any point. 


This equation is not exact, but it is close enough for the present purpose 
of illustrating that @ is a variable, since smas. varies for various points, 
The use of a horizontal design force computed as ag m is the simplest 
method available to the designer. It is therefore suggested that in a 
practical way any load pattern could be approximated by using different 
values of a between different elevations in a structure. 

Messrs, J. N. LeConte and J. EK. Younger™ have also derived equa- 
tions for moments and shears in a structure caused by. earthquakes, 
taking into account the higher modes of vibration. However, no attempt 
was made to evaluate the effect of damping and only an idealized earth- 
quake of simple harmonic motion was used, ‘These equations for moments 


and shears contain the ratio—-where T is the natural period of vibration 
0 


of the structure and 7% is the period of simple harmonic earthquake 


motion. This is analogous to the term E (a + ct) of equation 5. Since 
p? 

the period 7’) or the quantity (a + cZ) is unpredictable, the problem of 
determining inertia loads during an earthquake resolves itself into a 
probability problem. At best, one can but work out probability curves 
based on records of past earthquakes. The use of a torsion pendulum as 
constructed by the author or by M. A. Biot would be very helpful in 
evaluating such curves. 


AUTHOR'S CLOSURE 


In his discussion, Mr. Sollid objects to the use of a fixed damping rate 
because the effect of slipping joints, foundation yielding, and yielding 
due to overstress can not be adequately accounted for by using it. The 
author would prefer to restrict the term damping to those factors which 
cause a wasting of energy of vibration without changing the nature 
of the structure, and to make such important factors as those mentioned 
above the subject of a special investigation. A promising method of 
attack for such cases has been demonstrated by W. A. Waldorf, who is 


(*) Bulletin of the Seiamological Society of America, V, 22, No. 1, Mareh 1082, 
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now absent on a furlough from the Bureau of Reclamation. He con- 
structed a torsion pendulum with a supplementary device which permits 
an inelastic yielding beyond the elastic limit to be accounted for. An 
evaluation of the effects of slipping joints or foundation yielding could 
probably also be made by this procedure. 


Mr. Sollid suggests the use of variable mass factors to improve the form 
of the load distribution curves. This device is of value in those types 
of vibration in which all parts of the structure move in the same direc- 
tion. In fact, the fundamental mode pattern is generally obtained if 
the masses are weighted in proportion to the displacements and the sign 
of these is kept everywhere the same. Load patterns with reversals of 
sign, such as normally occur in the higher modes, would seem however, 
to be beyond reach of the method, unless negative proportionality factors 
were permitted. If such factors were permitted the suggested procedure 
would resolve itself into a computation of mode patterns. 


Mir. White points out that there is an alternative torsion pendulum 
operation procedure available which makes use of an acceleration record 
instead of a displacement record, and gives a reference to a paper in 
which a description of this procedure appears. Descriptions of such a 
device may also be found in the papers by M. A. Biot to which references 
were made at the end of the author's article. It is fortunate that more 
than one procedure is available since it allows a prospective user a choice 
of methods. The integration difficulty which Mr. White mentions has 
been largely overcome by the Coast and Geodetic Survey personnel who 


have made the necessary integrations for a number of quakes. 


Mr. White objects to the title of the paper, principally it seems, 
because of the difficulty of applying the analysis to buildings and especi- 
ally to that type of building which is constructed around a frame as 
the principal structural element. The question as to whether the type 
of analysis described will apply to a given structure must be decided upon 
the basis of its actual physical characteristics. If the stabilizing forces 
are provided principally by bending of beam elements, then the method 
will apply, otherwise not. It is the author's belief that, at present, the 
method will not apply to many buildings. This is because the frame is 
not the predominant element in so far as the rigidities opposing lateral 
deformations are concerned, It seems probable that estimates of fre- 
quency and modes of vibration for this important type of structure will 
have to be based largely on experimental data, The author can heartily 
agree that a combination of theory and experiment offers the greatest 
possibilities for further progress. It must be expected that data on 
damping will come almost wholly from experiment. 
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In returning to the theoretical aspects of the problem, Mr. White 
develops an expression for the response of a structure to ground motion 
based upon the idea of an elementary velocity increment. He is to be 
congratulated upon his choice of a starting point since it greatly simplifies 
the development. 


Near the beginning of his discussion Mr. White identifies the principal 
sources of difficulty with the earthquake problem, These are the complex 
nature of the ground motions which must be dealt with, and the com 
plexities introduced by distributed masses, resistances, and damping 
rates met with in nearly all structures. Present successes indicate that 
with some further improvements, torsion pendulum operation of some 
sort will yield an effective answer to the first difficulty, If some more 
expeditious experimental or computational procedures could be devised 
for finding the mode patterns with their associated moment and shen 
distributions, the second difficulty would be largely overcome 


In closing, the author wishes to thank those who have vontributed to 


the discussions, 
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Job Problems and Practice 


WHAT jPP MEANS 


an informal cleanmg house for mutual help on concrete problems; 
an opportunity for the ACI member who knows to tell the ACI 
member who needs the information, If the subject matter holds proba 
bilities of general interest it will be bnefed in these pages-—with author 
ship credit unless the contributor prefers not 

If you know of an interesting problem whose solution has smoothed 
the way of someone in the field, record it briefly. If you have a problem, 
present it; a question, ask it. If you are moved to helpful comment or 
constructive criticism write the Secretary 

The “answers” are those of individuals to whom the questions are 
referred and not of the ACI 


Causes and Control of Bleeding (38-93) 


Q What are the causes of bleeding and how can they be controlled? 


Ry |, ( POOWERS * 


A There are three aspects to the phenomenon of bleeding: one is 
the rate; another, the amount; and the third, the tume for which bleeding 
continue Our studies indicate that bleeding is neither more nor less 
than settlement, or sedimentation Lhe major factor controlling the rate 
of settlement is the amount of surface area in the mix in relation to the 
nmount of water Phe higher the water content or the lower the “surface 


conte | the higher the rate and the greater the amount of bleeding 


Phe maximum possible amount of bleeding depends primarily on how 
far apart the particles in the mix are onginally separated by water. In 
amix in which the particles are not separated there can be no settlement; 
neither can there be plastieity Therefore, any mix that is plastic ha 
ome capacity tor bleeding 

Phe length of time that concrete can bleed depends first of all on the 
depth of the layer of concrete \ shallow laver ean obviously become 
completely settled in a shorter time than a deep layer of the same materi 


*Apsistant © Liteet of lieeen ! ated © etnve \ 7 


“ : ‘ LA ml “Quis 
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al; but if the bed of concrete is deep enough, then a second factor enters: 
the length of time before the chemical processes cause the mass to congeal. 

From what has been said, it is plain that the bleeding characteristics of 
concrete can be characterized completely only from a knowledge of three 
factors: the initial bleeding rate, the inherent capacity for bleeding, and 
the length of time during which the cement under the existing conditions 
will allow the concrete to bleed. 


Bleeding can be controlled by increasing the “surface content” of the 
concrete, This can be done by adding pulverized stone; or sand contain- 
ing a sufficient amount of subsieve material; or any fine mineral powder. 
The amount of any given material required to produce the desired effect 
cannot be predicted, for materials of apparently the same specific surface 
have different effects on bleeding. Bleeding can also be controlled with 
foaming agents. 

It should not be assumed that any procedure that will reduce bleed- 
ing is desirable, for bleeding is not necessarily and not always harmful. 


Reinforcing 12-in. Walls of Airplane Motor Test Building (38-94) 


Q—Referring to “Building Regulations for Reinforced Concrete” 
(ACI 318-41) L happen to be particularly interested in concrete walls 
in connection with the construction of an airplane motor test building. 
The test cell walls are 90 ft. long, 19 ft. high and 12 in. thick. The load 
at base of the wall caused by wall and roof slab weight amounts to 35 psi. 

Sections 1112 (a) and 1112 (i) of the ACI code indicate that the 
minimum wall reinforcement “in each direction, both vertical and 
horizontal” shall be “at least equal to .0025 times the cross-sectional area 
of the wall, if of bars’, In the case at hand this would mean, .0025 
times 144 divided by 2 equals .18 sq. inches, or, say %-in. rds, 12 in. 
0.¢,, both ways and faces, 

To me this seems to be too much steel and yet I hesitate to cut the 
amount down after reading the code, This is an important building 
and cracks would certainly be objectionable, yet | do not wish to be 
accused of wasting steel. Will you express an opinion as to whether the 
code regulations should be adhered to or modified in this case? 


A—lIn the structure you describe, if the stress in the walls is due only 


to weight of the walls and the roof, that is to say, the walls will not be 
subject to bending resulting from inward or outward air pressure caused 
by the use of the building, [ see no reason why the reinforcement could 
not be materially reduced or entirely eliminated, It is a common pro- 
vision of building codes, such as that of the National Board of Fire 
Underwriters, the Pacific Coast Building Officials Conference and the 
Department of Commerce, to permit solid masonry walls which, of course, 
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include plain concrete 12 in. thick for walls as much as 35 ft. high. Such 
walls are required to be supported at right angles to the wall face at 
intervals not exceeding 18 to 20 times the wall thickness. In your case 
the walls being 19 ft. high and supported at top and bottom would con- 
form to requirements for an unreinforced wall 12 in, thick. 

Whether or not you decide to reduce or eliminate the reinforcement, 
I would recommend the use of control joints not to exceed 20 ft. if the 
walls are reinforced and 10 ft. apart if unreinforeed. By providing control 
joints the location of cracks will be predetermined and can be made 
tight. 


Use of Mud Jack in Strengthening Concrete Pavement (38-95) 


Q- Should pumping a lean concrete mixture under pavements by 
mud-jack technique be a satisfactory method for strengthening pave- 
ments where necessary to carry militarv or other increased weight o1 
trafhe? 


A — From our observations, it would seem that for the most part 


pavement failures under trafhe are progressive in nature Phat is, a 
pavement may carry a large volume of heavy traffic for considerable 
time, olten years, before any serious distress is evident: and further, 
that after distress is apparent, there is a progressive rate in the increas 


of the size of the area affected as well as the number of new areas appeal 
Ing There seems to be some evidence also that the rate at which distress 
progresses In a pavement goes up consid rably faster than the increase 
in the volume of trafhe That is, a large number of heavy trucks follow 
ing close together will do considerably more damage to a pavement than 
the same number of trucks passing over several days, all other condi 
tions remaining the same 

Along with the affect of trafhe weight, speed, and volume, there is 
the very definite relation in grade materials and drainage conditions 

lor the most part, failure in a highway surface is always preceded by 
a grade failure, and in many cases, this base failure may precede the 
urface failure by months or even a year or more, as Is particularly sO 
with concrete pavement-- the type referred to in this question 

With any rmgid type of pavement, the affect of the action of trafhe on 
the grade is more pronounced adjacent transverse joints and cracks, 
causing thin voids to be formed under the receiving end of the slab 
This can be detected hy the characteristic condition along the edge of 
the pavement long before the void has extended to the point where the 


slab is not sufficiently supported to carry the trafli his condition 


*Koehring Co., Milwaukee, Wi Mir. Poulter’s reply waa presented at the I tute Se 
Quis Session’ at the 38th Annual Conventu Feb, 18-20, 1042 


ond Annual 








476 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE April 1942 
has been successfully corrected by pumping in a rather fluid material 
that will set up and fill the void. 

Careful inspection and the maintenance of uniform support under the 
pavement with a material having a texture somewhat similar to the rest 
of the grade would seem to be about all that could be done under the 
slab. 

A lean concrete mixture would be very likely to leave many voids if 
it were forced under the slab, because of its harshness. This would give 
uneven support as well as an uneven effect on the grade due to the 
action of traffic. Also, there would be very little increase in the struc- 
tural strength of the slab. 

It would seem that where a pavement was required to carry much 
heavier traffic both as to volume, weight, and speed than it was designed 
for, it would be much more efficient to correct the grade condition both 
as to voids and drainage as much as possible and then add additional 
material to the surface to increase the weight of the slab, and, incident- 
ally, the structural strength. More thickness and weight of slab is 
essential to carry increased weight and speed of traffic. 


The ACI Code’s Test Load Requirement (38-96) 


Q—The ACI and other building codes require that test loads be 
equal to 11% times the design live load plus % the dead load. Does this 
not penalize the heavier type of construction? 

By F. E. RICHART* 

A—This requirement applies to the superimposed test load; it is 
another way of saying that, including the weight of the structure, the 
total load for the test is 1144 times the total live and dead design load. 
Since the ACI Code uses the same working stresses for live and dead 
loads, it does not appear that these test loads impose any penalty on 
heavy construction. However, if one took the viewpoint that the 
capacity of the structure should be expressed as one design dead load 
plus some multiple of the design live load, it might be granted that the 
ACI test load is slightly unfavorable to a structure with a very high 
dead load. However, this conception is hardly consistent with the 
system of working stresses used, nor is it likely that a combination of 
very heavy dead loads and light live loads will often occur. As a matter 
of fact, 1144 design loads do not constitute a severe test load and will 
give relatively little information as to the strength of a structure, since 
the steel stresses particularly will be much less than the values com- 
puted in the conventional way, at this load. A structure that shows 
much distress at this load should certainly be subjected to a complete 
and careful investigation before it is placed in service. 


*Research Professor of Engineering Materials, University of Illinois, Urbana. 
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Adopting the ACI Code by Reference (38-97) 


Q-—I should like information on the use of the “Building Regulations 
for Reinforced Concrete” (ACI 318-41) as a basis for a new county code. 
It would be desirable to draft the new code covering reinforced concrete 
merely by reference to the ACI Standard and subsequent revisions. 


By J. P. THOMPSON* 


A—FEarlier editions of the ACI code have been used as a basis for the 
reinforced concrete sections of practically all municipal codes adopted 
within the last ten years or more. Some of the cities have practically 
copied the code verbatim, while some others have adopted it by refer- 
ence. Among the latter are Cincinnati and Chicago. Cincinnati first 
adopted the ACI 1928 code and then adopted the 1936 edition when the 
latter was published. Adopting the code by reference rather than by 
complete publication makes it a very simple matter to keep the regu- 
lations up to date by a very short amendment to the general building 
code. 

In adopting any code by reference a specific edition must be referred 
to and a phrase such as ‘‘and subsequent revisions thereof” can not be 
added. A phrase such as this would transfer legislative authority from 
the properly elected body to an outside source and consequently has 
always been ruled illegal. I believe that the only way of handling this 
situation so that the latest edition may be used as a guide without 
legislative action is to include a provision somewhat as follows: 

The working stresses, design and construction of reinforced concrete construction 
shall conform to generally accepted good practice. For the purpose of this code, com- 
pliance with the “Building Regulations for Reinforced Concrete” prepared by the Amer- 
ican Concrete Institute shall be considered as prima facie evidence of good practice. 


Determining Cement Content of Hardened Concrete (38-98) 


Q—How may the percentage of cement in hardened concrete be de- 
termined? 
By ROY W. CARLSON? 


A—There are two approximate methods of determining cement con- 
tent of hardened concrete, both requiring chemical analysis. The first 
is to determine the percentage of soluble silica in the concrete and 
divide by 0.2175, on the assumption that the cement contains 21.75 
per cent soluble silica and the aggregate contains none. If the silics 
content of the cement is known, the correct value naturally is used 
instead of .2175. This method is an A.S.T.M. Standard (C85-36). 


*Structural Bureau, Portland Cement Association, Chicago. 
tMass. Institute of Technology, Cambridge, Mass. 
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The second method is to determine the calcium oxide content of the 
concrete and divide by the fractional part of lime assumed to be present 
in the cement. This method cannot be applied where the aggregates 
contain an appreciable or variable amount of lime, while the first method 
cannot be applied where the aggregates contain or develop soluble silica. 
In either case, a representative sample of the concrete is crushed and 
pulverized for the test. 


Computing Stirrup Spacing in Non-rectangular Shear Diagrams (38-99) 
By W. C. GOODWIN* 


The code formula for stirrup spacing is simple and convenient when 
the shear diagram is rectangular, but because of the labor of successive 
shear deductions is seldom used directly when the diagram is triangular 
or trapezoidal. ‘The convenience of the formula may be extended to 
triangular and trapezoidal diagrams by means of a little used relation 
between the computed spacing at any point and the distance of the point 
from the zero end of the shear triangle.t 


Nomenclature 
a = length in inches of base of shear triangle with altitude of »v — »,. 
a’ = distance in inches from the zero end of the shear triangle to a point where the 


stirrup spacing is s’. 

distance in inches from the zero end of the shear triangle to a point where 

stirrup spacing is discontinued. 

s, s’ and s” = stirrup spacings in inches at points distant a, a’ and a’ 
from the zero end of the shear triangle. 

= number of stirrups required in distance a for triangular diagrams and in dis- 
tance a — a” for trapezoidal diagrams. 

A,., b, d, fr, j, w, V, v, ve, have their usual meanings. 


Q 
II 


, 


respectively 


= 
| 


Introduction 

In that portion of a prismatic beam carrying a uniform load of unvary- 
ing intensity (with or without concentrations) and reinforced with 
stirrups equally stressed, the product of the computed stirrup spacing 
s’ at any point, by the distance a’ from that point to the zero end of the 
corresponding shear triangle is constant. In Fig. 1, which shows that 
part of a shear diagram representing stress in the web reinforcement, 

Tt 


sa = 8’a’ = 8°a’. 


12 Ay fe jd 


The quantity sa is independent of v, and is equal to - , which 


is constant so long as the beam is of constant section and the uniform 
load does not vary. The existence of vertical breaks (concentrated 
loads) in the shear diagram does not change sa. 


*Wollaston, Mass. : 
+See Diagram 17, p. 81 in report of ACI Committee 317—‘‘Reinforced Concrete Design Handbook.” 
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Computation 


(1) Compute the minimum spacing at the support, 
Ayfs 


b(v — v,) 


(2) Compute the length of base of the shear triangle having altitude 
equal to v — »,, 


(3) Set the product sa on the slide rule. 
(4) Read the spacing at any selected point, 
, 8a 
— 
Example, Triangular Diagram 


Compute spacings of 34-in. rod stirrups at one end of a beam where 6 is 12, w is 3000 
lb., V is 30 kips, v — », is 84, v is 144, f, is 16000. 


.22 X 16000 
(“sxe 
==> X— Xie 

3 144 
sa = 3.5 X 70 = 245 

a = 70 
1@3= 3 


3@ 4 = 12 


2@5 = 10 


2@6 = 12 

33 ) 245=7.4 
1@8 = 8 

25 ) 245=9.8 
1@10 = 10 
10 15 ) 245=16.3 
N=j—= = ae = 10, check. 

2s 2 X 3.5 
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Example, Trapezoidal Diagram 
Compute spacings of '% in. rod stirrups at one end of a girder between the support 
and the first concentration 8 feet from the support. 6 is 14, w is 2000 lb., V is 36 kips, 
v is 134, v — », is 74, f, is 16000. 
40 & 16000 


14 x 74 
a wy yp = 119 (a” = 119 — 96 = 23) 
2 °* 134 
sa = 6.2 XK 119 737 
a= 119 


3@ 6 101 

3@ 8 a 

2@ 10 57 

1@ 12 45 

1@ 16 29 

10 

(a a’) (a + a”) 96 & 142 


2 sa 2 X 737 


N = 9.3, check. 
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Current Reviews 


of Significant Contributions in Foreign and Domestic Publications, 
prepared by the Institute's Reviewers 


Standardization activities of national technical and trade associations 
Divisior {f Codes and Specifications, National Bure 1 of Standards, 288 p. 1942 ee tent of De 
ments, Government Printir 


r Office, Washingt lL). C., 75 cents 


b 


The work of 450 organizations, insofar as it is within the scope of the title, is described, 


listed. Itisa directory of standardizing organizations (useful to those seeking the sources 
of authority in preparing specification 


tandards, 


or other use of commerce 


l, engineering and other 


i 


Proportioning concrete materials by the unit layer method 
{. C. Wrrr, Rock Products, V. 44, No. 12, Dec., 1941, p Reviewed by Roy N. ¥ 


[his method employs a common unit, called the unit layer, f 


or all materials instead of 


the vanety generally used such a icks (of cement), gallons 


cubie teet ind cubic y ird 


This unit layer is a solid one-yard square and 0.01 yard thick \ chart on a seale prac 


tical for use is presented, and its appheation to the design of concrete mixtures is 


Resistance of the Chicago area dolomites to freezing and thawing 
H. BK. Witouman, A }’ \ 14, No. 12, De 1041 


i 


t iD Reviewed it N. Youna 


Samples were taken from dolomite formations representing about 350 of 450 ft, 


through the strata The rocks were orted into 15 type based on Vi ible physical char- 


acteristics and insoluble residues Results of tests indicate that resistance of these dolo- 


mites to freezing and thawing may be predicted with reasonable accuracy by their 


rendily determinable physical and compositional properties Coarser graining, higher 


] } i } - 
macroporocity, lower in oluble residue were influences toward higher resi tance, to 


freezing and thawing 


Design and construction of tower silos 

H. M. Pensinaron, ¢ ¢ Building & Concrete I V. 16, No, 10, Oct. 1941, p. 150-162 
Reviewed by J. C. PRarson 

Attention is called to the first installment of a continued article as a very promising 

ummary of general silo information, not only with regard to the design itself, but also 


in the relation of silo capacity to the requirements for silage of various types of live stock 


The subject is one of growing importance in Great Britain, where small silos of low height 


are more or le common, but where the author urges more consideration of the larger 
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and more economical types of high silos commonly used in the United States. The 
designs illustrated in this installment are confined to concrete stave silos. (Note: 
Conclusion of this article appears in the November issue.) 


American Highway Practice, Volume | 
LAWRENCE ILs_Ley Hewes, 459 p. illus., John Wiley & Sons, Inc., $5.00 Reviewed by R. W. Crum 

The first volume of a comprehensive treatise by the Chief of the Western Region, 
Public Roads Administration covers the best current practice in the United States in 
highway location, roadway design and construction, highway landscape, sand-clay and 
stabilized roads, macadam roads, gravel and fine crushed rock roads, and intermediate 
bituminous surfaces. 

A distinctive feature of the book is the extensive and well selected bibliography follow- 
ing each chapter. 

Portland cement concrete pavement and other higher type surfaces are to be treated 
in a forthcoming Volume II. 


Asbestos-cement tubes in roof construction 
Concrete Building and Concrete Products, V. 16, No. 10, Oct. 1941, p. 163-165. Reviewed by J. C. Pearson 
Our English friends, perhaps as a result of war-imposed privations, seem to be progres- 
sing steadily in the direction of wider adaptation of concrete products to structural needs. 
This article describes a type of roof framing recently designed by two cement-asbestos 
companies in which the main members are cement-asbestos tubes formed into trusses 
with a very small amount of steel, and assembled by means of bolts and concrete con- 
nectors. Columns and main rafters are also of cement-asbestos tubes, and roofs are 
covered with cement-asbestos sheets. Ridges and gutters and other special shapes are 
formed in the same material. Tests of tubes as struts in various diameters and lengths 
have been made at the Building Research Station, and a table of working loads is given 
for different sizes. 


Determining the surface area by air permeability method 
S. L. Mevens, Rock Products, V. 44, No. 12, Dee., 1941, p. 56-59. Reviewed by Roy N, Youna 
This paper reports a study of the Lea and Nurse air permeability method of deter- 
mination of fineness of powders as modified by Blaine, and comparisons are made 
between this and the Wagner turbidimeter method. The surface area results by the 
permeability method were decreased from 2954 to 2807 through a range of temperature 
from 65 to 95 F. No effect was found by varying humidity. The use of oxygen instead 
of air did not change the results, but hydrogen gave lower and natural gas gave higher 
results. This method gave higher surface area for cement after exposure to air than 
obtained on the unexposed cement. The ratio of surface area obtained by the permea- 
bility method to that by the Wagner method varied among a number of samples from 
1.74 to 1.89, but the ratio showed no definite relation with fineness, 


Dry process vs. wet process in portland cement manufacture 
Cement & Lime Manufacture, V. 14, No. 12, Dee. 1041, p. 103-202 Reviewed by J. C. Pranson 
This subject, much discussed a decade or more ago, is reviewed at considerable length 
in this article, and takes into account changes made in the last few years in treatment of 
raw materials and methods of manufacture. The comparisons are summarized as fol 
lows: The dry process is in no way unsuitable for use when raw materials are normally 
dry and reasonably consistent in composition, and contain no constituents likely to prove 
harmful in the finished cement. Under comparable conditions, the dry process will con- 


sume about one-third less coal in burning the cement and will use less than one-fourth as 
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much water. The wet process alone is suitable for patchy or variable raw materials, and 
in conjunction with froth flotation or other separation process, is alone suitable for use 
when some constituent of the raw material has to be eliminated. The power required 
for either type of plant will be substantially the same. 


Removing alkalis by heating with admixtures 
Huperr Woops, Rock Products, V. 45, No. 2, Feb. 1942, p. 66-68, Reviewed by Roy N. Younae 
Two dissimilar portland cement raw mixtures were given heat treatments in a gas- 
fired laboratory furnace to determine the effects of temperature and time of treatment 
upon the volatilization of the alkalis. Temperatures ranged from 1100 to 1350 C. and 
the durations from 14 to 2 hours. Other tests were made on charges containing admix- 
tures. These charges were heated for one hour at either 1250 or 1350 C. In addition, 
some data from actual plant operations are given, The rate of volatilization of potash 
at 1100 C. was very low but was rapid at higher temperatures. The rate for soda was 
low at all temperatures. The proportions of potash and soda lost in the burning of 
cement raw mixes vary widely among plants but always the potash was volatilized more 
readily than the soda, More of both alkalis are lost in the dry process of manufacture 
than in the wet. It was concluded that: (1) Calcium sulfate retards volatilization of 
both potash and soda, (2) Calcium fluoride does not aid materially in volatilizing soda. 
(3) Sodium chloride has a large effect in expediting the volatilization of potash but actu- 
ally increases the soda’ content materially. (4) Caleium chloride additions lower both 


soda and potash, but the effect appears to be much stronger on potash than on soda, 


Conservation of critical materials approved by executive committee of AASHO 
The Constructor, V. XXIV, No. 2, p. 39, Feb. 1942, Hiaguway Researcu ApsTrrRacTs 

Changes in design and construction standards for the conservation of critical materials 
have been approved by the Executive Committee of the American Association of State 
Highway Officials upon recommendation of the Committee on Standards. The an- 
nouncement stated: 

~" pon recommendation of the Committee on Standards of the association, the 
Executive Committee of the American Association of State Highway Officials, after 
consultation with the federal Office of Production Management, hereby promulgates 
changes in association design and construction standards due to the necessity for the 
conservation of critical materials during the national emergency. 

“The objective of these changes is hoped to be attained by the adoption of designs 
which reduce or eliminate critical materials in construction projects by the substitution 
of non-critical materials wherever possible, and by simplification of standards and speci- 
fications to reduce the number of sizes and shapes of critical materials 

“The critical materials principally involved in road and bridge construction are copper, 
zine, steel alloys, carbon steel and other iron products 

‘The following changes in specifications for bridges and structures are recommended: 

“1. Reduce the allowable unit working stress of concrete f, to 700 lbs. per sq. in.; 
this working stress to apply to all classes of concrete which have an ultimate compressive 
strength of 2,400 Ibs. per sq. in. or better, Some economy can be gained by reducing the 
amount of cement required in the richer mixes now used. An exception to this would be 


where it would increase the dead load to such an extent as to require a greater amount. of 


teel, such as a concrete slab on a long steel span. 2. Use a value of n equals 10 for 
most concrete and eight if 4,000-lb. concrete is secured. 3. Use reinforced concrete in 
place of steel in bridge guardrails, I-beams, spans, ete. 4. Make full use of the com- 


posite action of concrete floors and beams by using mechanical anchors between floor 


and beams. 5. Use an allowable working stress for reinforcing steel of f, equals 22,000 
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Ibs. per sq. in. in culverts, abutments, piers, columns and practically all substructures, 
specifying intermediate grade steel. This would probably call for a more liberal use of 
waterproofing. 6. Replace heavy steel expansion dams with lighter steel design and 
concrete cross beams, where practicable. 7. Discourage the use of steel grid floors except 
in repair jobs and movable spans. 8. Eliminate the use of copper water stops, bronze 
expansion plates or any copper alloy. Sheet lead can be substituted in some cases. 
9. Eliminate the use of aluminum paint and all galvanizing except perhaps galvanized 
cables and hardware in timber bridges. 10. Eliminate the use of all alloy steels, includ- 
ing silicon. 11. Eliminate the use of steel bearing piles for friction piles. 12. Make 
greater use of treated timber. 13. Substitute small concrete culverts or concrete or clay 
pipe in place of corrugated iron pipe culverts. 14. Avoid the addition of reinforcing 
steel to take compressive stresses in concrete members. 15. Repair existing structures, 
if practicable, rather than replace them with new structures. 

“There is need for the reduction or elimination of steel from concrete pavements and 
for the substitution of masonry, unreinforced concrete, or concrete or clay pipe for gal- 
vanized metal culverts. The use of reinforcement in concrete pavement can be elimin- 
ated by the substitution of non-reinforced slabs for reinforced slabs. When such substi- 
tution is made it will be necessary to use slab lengths consistent with the design of non- 
reinforced concrete slabs. In slabs with thickened edges, dowels or other low transferring 
devices are required at transverse joints. By substituting pavement slabs of uniform 
thickness for slabs with thickened edges, a reduction of steel across joints may be made 
inasmuch as provision for load transfer is not required, and only enough steel is necessary 
across joints to maintain alignment. The elimination of galvanized metal culverts is for 
the purpose of conserving zine and iron products. As substitutes for these pipe culverts, 
box culverts of equivalent capacity are recommended, Such culverts may be constructed 
with masonry or mass concrete side walls, and with mass or lightly reinforced concrete 
or arched tops depending upon span and available head rooms. Concrete or clay pipe 
may also be used. Wherever possible in designs calling for reinforced concrete, substi 
tution of miscellaneous sizes of reinforcing bars instead of design sizes is recommended, 
in order to utilize such local or regional stocks as may be available, making in the design 
such redistribution of the steel as use of the miscellaneous sizes available may require. 
In all new designs involving unavoidable reinforcing, simplification of sizes of reinforcing 
steel is to be secured by using only 14-in., Y-in., 34-in., 1l-in., and 1)4-in. deformed 
rounds. 'To conserve copper, it is further recommended that lighting projects be entirely 
eliminated, It is understood that the changes in design and practice resulting from the 
above suggestions and recommendations, when submitted in connection with federal-aid 
projects, will be acceptable as emergency standards and practice wherever they are in 


conflict with existing association standards.” 
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INTRODUCTION 


This report on portland cement paint is the first to be submitted by 
the committee. Study is also being given to the oil and synthetic resin 
types of paint and a report on their use is under consideration. 


The painting of concrete has increased along with the increase of con- 
crete structures of types for which some kind of decorative or water 
repellent treatment is considered appropriate or desirable. This widen- 
ing utilization of paint has brought not only additional business to the 
paint producer and the painter but also additional problems and responsi- 
bilities. The permanence and annual cost of paint finishes on concrete 
are being viewed more critically. The consumer is beginning to demand 
more definite assurances and proof as to the suitability and service life 
of paints. He has learned from experience that some paint jobs last as 
long as 15 years, some not more than 2 years. He cannot afford to 
repaint his house or building every 2 or 3 years and wants to know just 
how the more durable jobs are obtained. 

*Of the 13 members of Com, 616, 0 approved the present report; 2 disapproved and 2 refrained from 


voting It is released by the ACI Standards Committee for publication here, as information and for 
discussion 
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The need for more factual information is generally admitted. Some 
studies have been conducted and others are under way but the informa- 
tion now available or in sight is decidedly inadequate in many respects. 
It seems evident that the problem requires and merits more study than 
it has previously received. 

Portland cement paint was developed specifically for application to 
concrete and masonry surfaces and is widely used for that purpose. 
Since portland cement and water are the principal constituents, the 
resulting paint film may be considered in much the same light as any 
thin layer of hardened portland cement. The following discussion and 
recommendations are based on this analogy and on observations in the 
field and laboratory, the latter including principally the investigative 
work conducted during recent years by the National Bureau of Standards 
and Portland Cement Association 

The report was submitted for review to a large number of portland 
cement paint manufacturers and was indorsed by a substantial majority 
of commenters from this group. Further criticism of the detailed recom- 
mendations during the present ‘proposed’ status of the report will be 
welcomed by the committee. 


GENERAL DISCUSSION 
Definitions 
The shorter term, ‘‘portland cement paint,’’ will be employed instead of 
the longer expressions such as ‘ 
cement -water paint.” It is commonly understood that they mean the 
same thing and refer to water dilutable paints in which portland cement 
is the binder. 


‘portland cement base paint” or “portland 


Paints that are manufactured and sold by paint companies and are 
ready for use except for the addition of and mixing with water will be 
called “commercial paint”’. 

The term, ‘job mixed paint’’, will be applied to paints that are made 
up by the individual user from the basic constituents such as portland 
cement, etc. 

Except where specifically noted the discussion and recommendations 
apply to both prepared and job mixed paints. 


Recommended uses 

Portland cement paints are suitable for use on exterior and interior 
portland cement concrete and stucco surfaces excepting floors or other 
areas subject to mechanical abrasion. Their use on other types of sur- 
faces such as brick masonry, will not be discussed in this report. They 
are especially recommended where it is desired to decorate and reduce 
the water permeability of exterior walls built of porous, open textured 
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concrete such as concrete block masonry or where the concrete or stucco 
is damp at the time of painting or may become damp subsequently. 


In general, cement paint films are of questionable value for stopping 
leakage through porous walls exposed to appreciable water pressure, 
particularly if the paint is applied to the side away from the water 
pressure, Better results will be obtained if the side exposed to the water 
is painted. Two or three heavy coats of paint are sometimes success- 
fully employed on the inside surface of the basement walls of houses to 
stop slight leakage or dampness. Severe conditions usually require more 
positive waterproofing methods. 


The resistance of such paints to aggressive solutions and fumes is not 
significantly different from that of a good quality concrete and because 
of their thinness they will provide only temporary protection when 
exposed to severe corrosive conditions. However they are useful for 
protecting concrete of poor quality where the exposure is not too severe 
and it is feasible to repaint as often as may be required, 


General characteristics 

The typical portland cement paint film is hard, strong and relatively 
brittle. This latter property together with drying shrinkage sometimes 
results in the development of fine crazing or checking. Exterior films 
seem to be more susceptible to this trouble than films which are protected 
from the weather, 


Such films generally adhere satisfactorily to the concrete and between 
coats and seldom fail by peeling or blistering. The occurrence of these 


defects almost invariably is due to inadequate preparation of the surface. 


The typical film possesses good decorative qualities as to hiding power 
and color. However, when wetted, as by rain, it becomes slightly trans- 
lucent or darker in shade and appears somewhat less satisfactory than 
when dry. However, on drying out, the film returns to its original color 
and opaqueness. ‘Tinted paint films also assume a deeper shade of color 
when wetted, 


Durability depends on several factors including the composition of the 
paint, texture and cleanness of the concrete surface, application procedure 
and the severity of the exposure. Based on information from several 
sources it appears that portland cement paints properly applied to 
exterior wall surfaces exposed to the weather may be expected to have a 
service life of about S years. Some paint jobs last considerably longer; 
some are less durable. The less durable jobs frequently are those involv- 
ing smooth, dense concrete surfaces where there is the tendency to brush 
out the paint too thin and to neglect the requirements for satisfactory 
adhesion, 
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By service life is meant the time required for the paint to depreciate 
physically to a point at which it no longer provides adequate protection 
or coverage. According to this concept it is not determined by a redue- 
tion in decorative value except, of course, when poor appearance results 
from physical deterioration. All paints suffer in appearance from the 
normal accumulation of dirt and soot stains. [fflorescence usually comes 
from the concrete rather than the paint and is particularly noticeable if 
the paint is tinted. However, these and similar discolorations are not 
construed herein as terminating the serviceable life of the paint despite 
their effect on appearance. 

Opinions differ as to whether portland cement paints are especially 
susceptible to soiling and staining due to their greater porosity as com- 
pared to oil and resin bound films. This matter has been under observa- 
tion for some time in paint studies being conducted by the Portland 
Cement Association. In approximately 500 specimens exposed from 
18 months to 5 years to rather bad sooting conditions the organic paints, 
on the average, became soiled at about the same rate as the portland 
cement paints. 

Perhaps one of the most important qualities of portland cement paint 
is its tolerance to the moisture and alkaline conditions to which coatings 
on concrete are frequently subjected. Prolonged saturation or alternate 
wetting and drying or freezing and thawing of the concrete subsurface 
constitute conditions harmful to any paint film and are perhaps more 
successfully withstood by coatings of the portland cement type. 

It is logical that paints on interior surfaces or other areas protected 
from the weather should last longer than when applied to exterior sur- 
faces. Frequent cleaning however, may markedly erode the film and 
shorten its life. 


DURABILITY FACTORS: CLIMATE, COMPOSITION, PROCEDURE 


Climate is generally conceded to be a factor in the performance of 
exterior coatings. However, a properly formulated and applied paint 
should give satisfactory service under all climatic conditions within the 
range experienced in the United States and this factor seldom if ever 
excuses an early failure. 

In seeking the reasons for poor paint performances there frequently is 
the tendency to overstress one possibility and to neglect the others. The 
kind of failure oftentimes gives a clue as to the primary cause, 

Peeling or flaking is the result of poor adhesion, usually between the 
paint and concrete, This property depends primarily on the condition of 
the concrete surface when the paint is applied. Portland cement paint 
will not adhere properly to surfaces that are glassy smooth or are soiled 
or coated with foreign matter. Such surfaces must be well cleaned and 








See 


eee 








urMETEE Es 





PORTLAND CEMENT PAINTS FOR CONCRETE SURFACES 489 


if necessary, acid washed or sand blasted to open the pores and provide 
suction and “tooth” for the paint. A weak bond, but less seldom peeling, 
results if the concrete is not dampened prior to painting and the paint 
film is allowed to dry rapidly. It appears that adhesion is influenced 
more by differences in painting procedure than in composition although 
there is some evidence that flaking may be caused if the paint contains 
an excessive amount of unhydrated lime or water repellent. With this 
exception failures of this type usually can be traced to some negligence 
or oversight in the procedure, 

Rapid chalking is a characteristic quality of soft, weak films and leads 
to proportionately rapid deterioration in the color, opacity and durability 
of the coating. Usually it is due either to a deficiency of portland cement 
in the paint ot to failure to provide the damp curing necessary to the 
proper hydration and hardening of the cement. Soft films also may be 
eaused by ingredients which prevent normal reactions between the 
cement and water. 

As previously mentioned, portland cement paints very rarely fail by 
blistering and little has been learned as to its causes from the few cases 
studied. The presence of excess or free water on the surface being painted 
or the use of too much water repellent in the paint have been suggested 
but not definitely verified as possible causes. 

Poor opacity and color value may be due to some deficiency in the 
paint Composition, to the use of too much water in the paint mix, to 
applying the paint too thin or to the continued presence of excessive 
moisture behind the film, 

The appearance of tinted paints will be marred if efflorescent salts are 
deposited on the film surface. For this reason tinted paints should not 
be applied to concrete that is actively efflorescing or is in direct contact 
with water containing sulphates or other salts which might permeate 
to the painted surface. In the latter case it frequently is feasible to 
build the structure so that extraneous water will be excluded from the 
areas to be painted. 

In general, it appears that much of the efflorescence trouble is caused 
from painting concrete at too early an age while it is still emitting appre- 
ciable excess moisture. In the case of tinted paints it is good practice to 
postpone painting as long as feasible. 

A few pinholes in the film are not objectionable except when the paint 
is depended upon to reduce effectively the permeability of the surface. 
They result when the paint is not worked into the surface voids or when 
entrapped air breaks through the fresh film where it bridges instead of 
fills the voids. Pinholes can be eliminated by vigorous brushing. Com- 
position is a slight factor in causing this defect in so far as it affeets the 
workability and surface tension of the paint. Sprayed coatings usually 
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contain more pinholes than brush applied films especially when the 
receiving surface is coarse textured or contains many deep pits or voids. 


The fine crazing observed in paint films of this type is logically related 
to the shrinkage, tensile strength, extensibility and other physical pro- 
perties of the film which in turn vary with the composition of the paint. 
However, the observed differences in crazing due to the ordinary varia- 
tions in composition are not as great as might be supposed, 


Serious crazing, involving fractures extending through the paint film 
and more than 0.002 in. wide, usually is related to and induced by the 
development of crazing of the concrete surface subsequent to painting. 
Crazing over mortar joints also is usually traceable to fine shrinkage 
cracks in the mortar. 

Normal crazing is not progressive, generally being completed within a 
few weeks after starting and in itself is not a serious defect. Observations 
by the Portland Cement Association on several hundred test: specimens 
over a period of 4 years showed no significant change in the extent of 
crazing after the first year. 


DISCUSSION OF COMPOSITION 


Considering the nature of portland cement paint it appears that dura- 
bility is dependent upon the strength, hardness and density of the paint 
film. Excluding the effect of procedure, it also is logical that these pro- 
perties are controlled primarily by the portland cement content and 
secondarily by the inherent durability of the other constituents and their 
effect on the hardening of the cement-water mixture. 

It also can be accepted as a basic fact that composition influences the 
appearance or decorative quality of the paint. 

These remarks are merely to establish the importance of composition 
as a factor of paint performance independent of painting procedure, A 
paint that is deficient in those ingredients essential to good durability or 
appearance will invariably produce relatively unsatisfactory results no 
matter how carefully it is applied, 

It is desirable therefore in this discussion, to introduce certain more o1 
less fundamental concepts concerning the functions and value of the 
various constituents commonly used in portland cement paints, From 
such an analysis and the available test data and service records, it is 
possible and appropriate to indicate suggested percentage limits for most 
of the constituents, 


Commercial compositions 
Based on extensive chemical analyses, it appears that commercial 


portland cement paints range in composition about as follows: 
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Per Cent by Wt 


Inygrechent Typical 


Min Max White Paint 


White portland cement 


20 V1 61 
Hydrated lime () oo e 
Inert fillers, (fine silica, limestone, ete.) 0 Ww) al 
Hygroscopic salts, sodium chloride) 0 7 3 
Water repellents, 0) 1.5 0.3 (or less) 
Opaque pyement ulfide or titanium dioxide) 0 10 3 
Water and orgame matter (principally ensein) ) 14 2 5 (or less) 
Color pigment 0) \ 





Rese rome 


One or two commercial paints contain coarse inert filler consisting of 
white silien sand (No, 100-50 mesh fraction), Such paints, by virtue of 
the coarser particles, produce relatively thick films having a character- 
istic “sandy” texture 
Compositional requirements of federal specifications 

The recently promulgated Federal Specification for Paint; Cement- 
Water, Powder, White and Tints (lor Interior and Exterior Use), 
Designation ‘T’P-P-21* provides for two types of portland cement paint 


with COMPO iti@nal limits as indieated in ‘Table 1 


TABLE 1 
Per Cent by Wewht 
Type | ype 2 
C'ly \ Cla . \ 
Ingredient 
Max Min Max Min 
Portland cement Oo SO 
Hydrated lime 25 10 
Water repellents (calenim or aluminum stearate) l 0.5 | 0.5 
Hyyroscopie salts Cealerum or sodium ehloride) i.) 3 ) 3 
Pitaniim dioxide (TiO,) Zine sulfide (ZnS) or mixture h ; 5 3 


Other provision and requirements pertinent to this discussion are: 

(1) The paint shall contain no organie binder 

(2) Color pigments shall be limeproof and shall be incorporated by 
no milling operation 

(3) The total free (unhydrated) ealetum oxide (CaO) and magnesium 
oxide (MgQ) in the hydrated lime shall not exceed 8 per cent 
by weight of the hydrated lime 

(4) Carbonates (calculated as carbon dioxide CO.) shall not exeeed 
Sper cent by weight of the paint powder 


*O)btainuble from the iperintendent of Document Washington, b, ¢ prt 
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(5) The inclusion of silicious aggregate (No. 100 to No. 20 sieve) 
with either of the above compositions in the proportions of 15 
to 40 |b. of aggregate to 60 lb of the basic paint powder is per- 
mitted and is suggested in the case of paint to be applied to 
open texture surfaces such as lightweight aggregate block, 

It is to be noted that the typical commercial product conforms closely 
as to composition to the Type 1, Class A paint. The specification indi 
cates no preference between Type Ll and Type 2 except to say that the 
latter should be used where there is excessive moisture as in water tank 
and swimming pools, 


Portland cement 

Tests and experience indicate that the most durable coatings of thi 
type are those in which portland cement comprises a high percentage of 
the minus No, 100 mesh material. In the Portland Cement Association 
tests, straight white portland cement films show negligible erosion and 
are in excellent condition after 5 years of weather exposure. Replacing 
50 per cent of the cement by weight with hydrated lime or fine inert 
filler adversely affected the hardness and weather resistance of the film 
Coatings made without portland cement but with lime as the binder were 
softer and more rapidly eroded than those containing cement. ‘These 
indications of the importance of the cement content with regard to paint 
durability are in accord with experience in the field and the concensu 
of competent opinion expressed to the committee Jused on these 
considerations it is recommended that where a paint service life of 5 year 
or more is desired, portland cement should comprise not less than 65 
per cent of that portion of the paint powder that passes the No, 100 sieve 
lor maximum durability or for coatings to be exposed to excessive mot 
ture as in swimming pools it appears that this value might well be 
increased to 85 or 90 per cent, 


Hydrated lime 

The effect of hydrated lime as a constituent of cement paint may be 
summarized as follows: 

1, The addition of 10 to 15 per cent of lime by weight enhances slightly 
the whiteness and hiding power of the dry film but may reduce the 
opacity of the wet film, The effeet is not great and depends on the 
quality and fineness of the lime and cement, A small amount of opaque 
white pigment is more effective than lime for this purpose 

2, Workability and particle suspension of the paint mix may be 
improved depending on the plasticity of the lime used 

3. In the opinion of some investigators, the use of a small amount of 
lime seems to increase the miscibility of some water repellents sueh a 


calcium stearate, thus shortening the time for proper mixing 
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1, experimental data on the effect of lime content on the crazing 
tendency of paint films are very inconclusive except to indicate that the 
effect is not significant one way or the other, 

5. Depending somewhat on atmospheric conditions there is rather 
rapid and thorough carbonation of the lime contained in thin coatings and 
some fairly durable paints containing as much as 50 per cent lime have 
been produced lLlowever, with due consideration to such examples, it 
scems evident from what is now known about paints of this type that the 
replacement of an appreciable percentage of the portland cement with 
lime tends to impair the weather resistance and service life of the paint. 

It thus appears that although lime is not an essential ingredient i 
probably may be safely used up to 25 per cent of the portland cement con- 
tent. Whileit cannot be said definitely that the 25 per cent value should 
never be exceeded, the possible detrimental effeets of higher lime content 
on the durability of exterior films seem to be more obvious than any bene- 
fits that might accrue 


Fine fillers (extenders, plasticizers, etc.) 

The value of finely divided inert fillers such as pulverized silica, lime- 
tone, ete., is somewhat obscure, whereas when used in appreciable per- 
centages they have been observed to cause excessive chalking and result 
ing therefrom, unsatisfactory durability and appearance with continued 
exposure, Being of about the same fineness as the portland cement they 
dilute and weaken the cement matrix with proportionate consequences 
on the weathering qualities of the film. leven though such fillers may 
reduce shrinkage somewhat or enhance shghtly such properties as brush 
ability it appears that them overall effect is more likely to be detrimental 
than benefiersl 

Small amounts of colloidal material such as plastic Clay, ete, are some 
times added to improve the workability nnd SUSPeCHSIOn qualities of the 
paint mixture but their effeet on the durability of thin cement coatings 1 
not very well known Probably they should be avoided or at least 
restricted to small amounts (2 or 3 per cent) until more thoroughly 


tested as a poutine ingredient 

The use of organic compounds for better dispersion and workability 
is not recommended except where they have been thoroughly investigated 
nnd shown not to be detrimental to the paint film 
Coarse fillers (aggregates) 

Kavorable result have been obtaimed with relatively coarse fillers, 
usually a siheeous material of acceptable color and weathering qualities 
such as fine white silea sand, In general the softer sands such as those 
derived from limestone and marble have proved less satisfactory as 


print apgeregate Phe and should pa the No, 20 sieve with not less than 
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90 per cent retained on the No, 100 sieve; the No, 100 to No. 50 mesh 
fraction is perhaps the most satisfactory for this purpose, Beeause it is 
much coarser than the cement, such filler does not weaken the cement 
matrix to the same extent as do the very fine fillers. The sand may be 
used in varying amounts but not exceeding equal proportions with the 
portland cement. Based on experiences on several jobs and on 2 to 4 
year exposures of painted concrete masonry specimens included in a 
current Portland Cement Association investigation such filler appears to 
improve the surface hardness and durability of the paint, The sandy 
texture of the paint is considered attractive by many persons and it 
insures excellent adhesion between successive coats, 

Mixtures containing sand cannot be applied with a hair brush but 
readily go on either smooth or rough textured conerete if a stiff bristle 
brush is used, The use of aggregate introduces a minor inconvenience in 
requiring more frequent stirring of the mixture in the paint bueket in 
order to keep the sand in suspension, 

It is not recommended that aggregate be made a required constituent 
of portland cement paints but its indicated value in paints that are to 
be applied to concrete masonry or other coarse textured concrete should 
not be overlooked, 


Hygroscopic salts 

There are used as curing aids; presumably they help keep the cement 
moist for several days with water drawn from the air through thei 
efficacy in this respect depends on several factors and should be more 
specifically evaluated, Sodium chloride (common salt) tends to weaken 
the cement and increase the time of initial and final set whereas ealeium 
chloride accelerates the rate of hardening and in amounts up to 4 oF 
h per cent has no significant effect on strength, Thus limited, neither 
salt appears to be harmful as to the shrinkage, weather resistance, 
opacity or other properties of the paint film, Such salts are a possible 
source Of efflorescence but no evidence has been presented indicating 
that it is of a serious nature, Pending the development of additional 
data their use in amounts not exceeding 5 per cent is recommended 
Calcium chloride is the preferred material because of its greater hygro 
scopicity and its accelerating action which is desirable for reducing the 
curing period and time during which the paint, in an unhardened state, 
might be damaged by rain or freezing weather 
Water repellents 

Many of the prepared paints contain water repellents, usually either 
aluminum or calcium stearate powders ground with the base, Sometimes 
paste formes of stearate are stirred into the mixing water and added on 


the job, If powdered stearate is added on the job it must be very thor 
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oughly mixed with the white portland cement and other ingredients 
prior to adding the mixing water; in such cases it is preferable and more 
convenient to use a waterproofed cement in which the stearate has been 
intimately mixed by a grinding operation, 


The comparative merits and optimum amounts of the different water 
repellents as regards some properties of portland cement paint, particu- 
larly durability and shrinkage, are not well known. Some tests have been 
made on paints containing stearates incorporated both by grinding and 
by hand mixing and in addition there are some data on the effect of these 
substances on the strength and absorption of portland cement mortars, 
These data indicate that the amount of chemically pure stearate in the 
paint should range between 0.5 to 1.0 per cent of the portland cement 
content if water repellency and low absorption are to be obtained without 
too great a reduction in strength However some authorities contend 
that 0.8 to O44 per cent of stearate is sufficient when it is ground with the 
paint and therefore is more homogeneously incorporated than is possible 
by hand mixing, ‘Tests have shown that 2 per cent of calcium stearate 
ground with the base sertously reduces the strength and hardness of the 
paint film but that TP per cent can be safely used. [It also was tentatively 
indicated that LT per cent of caletum stearate appreciably reduced the 
amount of crazing but 0.5 per cent or less was ineffective in this respect, 
Water repellents tend to add somewhat to the workability of the paint 
and the opacity of the wet film. ‘Their effeet on weather resistance has 
not been specifically determined as yet but it should be favorable, Proper 
damp curmg and pre-wetting of the receiving surface are especially im 
portant when applying paints which contain water repellents because 


once dried they are diffieult to re-wet 


It thus appears that small amounts of water repellents are not detri 
mental to the paint and offer certain advantages which may well justify 
thei use Amounts le than 1.0 per cent by weight of the portland 
cement content is recommended It is expected that tests now under 


way will throw more light on this constituent 


Opaque pigments 

White paints should contain a small amount of opaque white pigment 
uch as titanium dioxide or zine sulfide for the purpose of increasing the 
Whiteness and hiding power of the film, Amounts of the commercially 
pure pigment of from 2 to 5 per cent by weight of the portland cement 
content are suffierent and can be safely used, Due to ther fineness it is 
possible that appreciably larger amounts might be detrimental as to 
hrnkage, crazing and strength Opaque white pigments usually are 
not used in tinted paints although it seems that they might be worth 


while in the ense of light colors such as cream and bul 
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Organic substances (casein) 

Casein or other organic binder are contained in some portland cement 
paints presumably to improve workability and the adhesion of the paint 
to non-porous surfaces. Even small amounts of such material may pre- 
vent the proper hardening of the cement and thus seriously impair the 
durability of the coating and their use in portland cement paints intended 
for use on exterior concrete or stucco surfaces is not to be recommended. 


Color pigments 

Color pigments should be commercially pure oxides, very finely ground 
and lime proof. There are different commercial grades varying as to 
quality and price. Only the best pigments, with high tinting strength, 
should be used in paint. The amount of pigment required to give the 
color value desired depends upon its tinting strength and dispersion in 
the paint. For best results tinted paints should be produced in a grinding 
mill. 


Water 

The amount of water required to reduce the dry material to painting 
consistency varies for different paints and depends principally upon the 
fineness of the materials. The mixed paint should have the consistency 
of a fairly thick cream. Too much water results in a thin film and reduced 
opacity and durability. Although it is entirely possible to mix the paint 
too thick it appears to be the more common tendency to make it too thin. 


Manufacture of paint 

To produce a paint powder of uniform composition and quality the 
materials for each batch must be accurately proportioned by weight and 
thoroughly mixed together. 

In the manufacture of commercial paints, the mixture of finely divided 
ingredients generally is reground in a suitable ball or pebble mill. This 
grinding operation results in the better dispersion of the ingredients and 
a finer and more uniform product than can be obtained by cruder mixing 
methods. Finer grinding also enhances the suspension and brushing 
qualities of the paint. 

Tinting pigment should be proportioned to an accuracy of 1 per cent 
and milled in with the base. In view of these requirements it is recom- 
mended that only tinted paints of commercial manufacture be used. 

Powder forms of stearate (aluminum or calcium stearate) preferably 
should be milled in with the paint powder or the cement. 

For white paints the minimum mixing considered essential to satis- 
factory results consists of thoroughly stirring the ingredients together in 
a suitable container, then sifting this mixture through a sieve of No. 14 
mesh fly screen. Batches of 100 lb. or more may be mixed in a small 
stucco or mortar mixer. 
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Paste water repellents, when used, should be mixed with the gauging 
water on the job. Calcium or sodium chloride if added on the job, also 
should be incorporated with the gauging water in the proper proportions. 
In commercial paints such salts are included as a part of the paint powder. 

Aggregate, when used, should be dry mixed with the paint powder 
before the gauging water is added. 

Paints must be properly protected from the atmosphere while in 
storage. Experience indicates that those that contain hygroscopic salts 
should be kept in air tight containers. 

While satisfactory results have been and are being obtained with 
paints that are prepared on the job, the convenience and advantages of 
using a properly formulated ready-mixed paint should be obvious. 


DISCUSSION OF PAINTING PROCEDURE 


(a) Age of concrete 

In general, it is desirable to defer painting until the portland cement 
stucco or concrete, including concrete masonry, is at least 24 days old. 
The application of tinted paints to cast-in-place concrete walls should be 
postponed longer, several months after the curing period if possible, so 
that the concrete will be drier and a less likely source of efflorescence. 
Other advantages of permitting cast-in-place concrete to age longer 
before applying either white or tinted paints are: (a) weather tends to 
overcome the effects of form oil; (b) the suction of the surface is more 
uniform; (c) the paint film usually crazes less and also tends to cover any 
such checking or crazing which may develop in the concrete surface itself 
prior to being painted. 
(b) Preparation of surface 

“The minimum amount of surface pre paration should consist of thor- 
oughly removing all dirt, dust, form oil and efflorescence from the sur- 
face. Dirt and dust should be washed off with clean water, using scrub 
brushes if necessary. Soaps or other organic cleaners should be avoided 
because unless completely removed they may prevent proper adhesion 
of the paint. To remove efflorescence first wet the concrete, then apply 
a 20 per cent solution of muriatic acid and after about 5 minutes scour 
off the efflorescence with stiff bristle brushes. If necessary, a stronger 
solution may be used. It is best to work on small areas, not more than 
a few square feet. The surface must be thoroughly washed with clean 
water after an acid treatment. It is practicable to remove traces of form 
oil with steel brushes, abrasive stones or lye solutions. However, if the 
surface is generally coated with oil, it will be more effective and economi- 
cal to sandblast lightly the entire area to be painted or to postpone 
painting until the oil has been removed by weather action which, as 


previously indicated, may require several months. 
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Some concrete surfaces are so dense (glazed) as to make good paint 
adhesion very difficult to obtain. Concrete that is cast against plywood, 
Presdwood or steel forms frequently presents such a problem. Before 
being painted such surfaces should be acid washed, lightly sandblasted 
or dry rubbed with coarse grit abrasive stones, until the glaze is removed 
and positive ‘‘tooth’ and suction for the paint are provided. 


Old coatings of the organic type must be completely removed before 
applying portland cement paint. Usually this can be done most effee- 
tively and economically by sandblasting. 

(c) Dampening concrete 

Before applying the paint the concrete should be thoroughly wetted 
to control surface suction and to provide a reserve of moisture to aid in 
the proper hardening of the paint. A garden hose adjusted to give a 
fine spray is well suited for this purpose. A superficial dampening with a 
brush dipped into a bucket of water, as is so often done, is wholly inade- 
quate. 

Usually it is sufficient to wet concrete masonry walls or other concrete 
that readily absorbs moisture in one operation not more than one hour 
before painting. The spray should be applied in such manner that each 
part is sprayed 3 or 4 times for about 5 to 10 seconds each, depending 
upon the absorptivity of the surface, time being allowed between appli- 
‘ations for the moisture to soak into the concrete; the unabsorbed water 
serves no purpose. If the surface tends to dry rapidly, as it may in hot 
weather, it should be redampened slightly just in advance of painting; it 
should be moist but not dripping wet or with a noticeable water film 
when the paint is applied. 

Dense concrete absorbs moisture so slowly that it should be wetted in 
at least two operations not less than 30 minutes apart. It will be more 
effective to dampen rather large areas in advance of painting so that 
ample time is allowed for the moisture to soak into the conerete. When 
the paint is applied the concrete surface should be moist but without free 
water; some suction is necessary. 

(d) Preparation of paint 

Portland cement paints are made ready for use by thoroughly mixing 
the paint powder and aggregate, if used, with water in the proper pro- 
portions. 

The proper amount of water will vary depending upon the fineness of 
the dry materials and should be determined by trial. The mixed paint 
should have the consistency of rich cream except that a slightly thinner 
consistency is recommended for the first coat applied to open textured 


types of concrete surfaces such as concrete masonry units. 
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For trial batches the following proportions of water to dry material 
are suggested: 


Water, Qts. 


For Medium 


Paint, Dry Material, 10 lb. For Standard Thin Consistency 
(Rich Cream) (First Coat on Open 
Consistency Textured Concrete) 


Commercial paints (constituents mixed and finely 


reground 3.25 to 4.25 3.75 to 4.75 
Paints, not reground, less than 1 per cent retained 

on No. 100 sieve. 2.75 to 3.25 3.25 to 3.75 
Paints, not reground, containing coarse filler; more 

than 25 per cent retained on No. 100 sieve. . 2 to 2.5 2.5to3 


Mixing procedures vary but in general it is good practice first to reduce 
the dry material to a stiff paste with about half the estimated amount of 
water, after which additional water should be gradually stirred into the 
paste until the desired consistency is obtained. When the proper pro- 
portions have been determined it is advisable to make all batches the 
same except when a change in surface texture or other conditions requires 
a different consistency. 

The paint should be vigorously stirred for several minutes until it is 
uniform in color and consistency and all particles are thoroughly wetted. 
Workability will be improved by allowing the mixture to soak or prehy- 
drate for 30 to 45 minutes prior to application. Most paints remain in 
usable condition for 3 to 4 hours after being prepared although in hot 
weather some paints, especially those containing calcium chloride, should 
be used somewhat sooner. 


While being used the paint usually tends to stiffen slowly due to chem- 
ical and physical reactions and evaporation of the water, and it is common 
practice to thin the mixture with additional water when necessary to 
maintain the desired consistency. There seems to be no serious objection 
to retempering white paints provided it is properly done. The paint 
should first be vigorously restirred as sometimes this operation will 
restore its fluidity. Any additional water required should be added and 
thoroughly incorporated in small increments. 


In the case of tinted paints it is advisable to avoid the necessity of 
retempering in so far as possible as the color may be altered slightly if 
the proportions are appreciably changed. Retempering can be largely 
avoided by making smaller batches which will be used before the paint 
stiffens excessively or by keeping the mixed batch in a tightly covered 
container from which the painters’ buckets are filled, 
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(e) Application of paint 

The surface should be uniformly damp but with no free water. 

For obvious reasons, no painting should be done on frozen concrete or 
when the paint may be exposed to temperatures below 40 F. within 48 
hours after application. Some paint manufacturers prefer a minimum 
temperature of 50 F. 

The paint should be applied in two coats of the same color. Preferably 
not less than 24 hours should be allowed between coats; in no case should 
the second coat be started until the first coat has become sufficiently 
hard to resist marking by the brush being used. In hot, dry weather, the 
first coat should be slightly moistened before applying the second coat. 
“Doubling back” or the application of a double thick coat is not con- 
ducive to good results and should not be permitted. Three-coat work 
may be employed if desired but the extra coat should not be necessary 
and is seldom worth the additional cost. 

Most portland cement paints cannot be satisfactorily applied with the 
ordinary hair bristle paint brush. Proper application to coarse textured 
concrete requires a brush with relatively short, stiff fiber bristles such as 
fender brushes (commercially sold for cleaning the underside of automo- 
bile fenders) or ordinary scrub brushes. If the concrete is of smooth or 
sandy finish, white wash or dutch type calcimine brushes are suitable. 
The paint should be brushed on in such manner as to be uniform in 
thickness and free from “‘ridging”’ or excessively heavy brush marks. 

It is true that some commercial portland cement paints exhibit smooth 
working qualities more on the order of oil vehicle paints. However, 
experiments indicate that even these paints should be applied with stiff 
bristle brushes if the concrete is coarse textured. 

When weather conditions are such as to cause the paint to dry rapidly 
it is advisable to work “in the shade’’ in so far as practicable. Such 
practice makes it easier to keep the surface uniformly moist for proper 
suction and helps prevent too rapid drying of the coat being applied. 

The different constituents of portland cement paint vary substan- 
tially in specific gravity with each other and with the water; consequently 
to prevent segregation and maintain a uniform mixture, the paint should 
be stirred frequently in the bucket. 

When painting concrete masonry or other porous concrete for the 
dual purposes of “moisture proofing’ and decoration, both coats should 
he vigorously scrubbed on in such manner as to work the paint back into 
the voids and provide a continuous paint film free from pinholes or other 
openings through which water might penetrate. ‘Tests of the rain 
resistance of painted concrete masonry walls* indicate that paints 


*Teata of the Resiatance to Rain Penetration of Walla Built of Masonry and Concrete —R. . Copeland 
and ©, C, Carlson; ACI Jounnat Proceedings, Nov. 1039; V. 36, p. 160 
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applied with spray equipment provide less protection than scrubbed on 
coatings. Spray application therefore is recommended only on dense 
concrete or interior surfaces or where the paint is not required for water- 
proofing purposes. 

While excessively thick films are to be guarded against there seems to 
be a tendency in practice to use too much water in the paint and to 
brush it out too thin. Such coatings may look well at first but generally 
lose their opacity and protective value much sooner than thicker films. 

The proper average film thickness and coverage rate is rather difficult 
to estimate for portland cement paints because of the effect of differences 
in the texture of the concrete to be covered. However, considering 
smooth concrete surfaces, it appears that a two-coat film should average 
about 0.015 in. thick which will be obtained with a coverage rate of 
about 100 sq. ft. per gallon of mixed paint for the two coats. If the con- 
crete is rough textured or if the paint contains coarse filler (No. 50 to 
100 mesh) a film thickness of 0.025 to 0.035 in. and coverage rate of from 
5 to 55 sq. ft. per gallon should be sought. Two coats on very rough 
textured block may require as much as one gallon per 35 sq. ft. of surface. 
It is questionable economy to stretch the paint much further than these 
figures indicate, Laps, of course, should be well brushed out. 

There is perhaps less objection to the use of thinner films when repaint- 
ing provided the new and old paints are of the same color and the old 
paint is in fair mechanical condition, 

(Ff) Curing 

Proper hardening of paint films of this type depends upon the avail- 
ability of moisture for chemical reaction with the portland cement. The 
moisture in the concrete base, in the paint itself and in the air is utilized 
for this purpose but usually this is not enough. On most joks it is prac- 
ticable to sprinkle the painted surfaces two or three times a day with the 
same fog spray used for dampening the concrete and it is recommended 
that this be done between coats and for at least two days for the final 
coat, starting just as soon as the paint has hardened sufficiently not to be 
damaged by the spray, usually about 12 hours after application. Damp 
curing in this or some other effective manner must be provided in order 
to obtain the best results with portland cement paints. It will improve 
the hardness and durability of the paint in every case and in some 
instances will mean the difference between a satisfactory and a poor 
paint job 


Discussion of this report should reach the ACI Secretary in triplicate by Aug. 1, 1942. 
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SYNOPSIS 


Mix design methods and procedures for securing fluid workable con- 
crete without bleeding have been developed. Strength, absorption, 
specific weight, toughness, stiffness, and durability characteristics of 
structural Waylite concrete are presented. Damage due to freezing 
and thawing was predicted from the change in the dynamic modulus 
of elasticity with excellent results. Reinforced concrete beams made 
with Waylite aggregate closely followed the behavior observed for 
sand-and-gravel concrete beams. 


INTRODUCTION 


The need for information regarding the mechanical properties and mix 
design of lightweight concrete, because of its ever-increasing applications 
in the fields of pre-cast construction and job-placed reinforced structures, 
prompted several studies at the University of Wisconsin. Aggregates 
such as Pottsco, cinders, Haydite, and Waylite were included in brief 
initial studies. Because of wide-spread availability and almost complete 
lack of information in comparison with that for cinders and Haydite, 
interest centered on the lightweight slag, Waylite, and the major work 
was done with this aggregate. The Waylite Co., Chicago, Ill., producers 
at several locations in the East, South, and Midwest, financed a consid- 
erable part of the later studies. 


Transverse strengths and specific weights for Series A were obtained 
from tests of 102 prisms, 2 by 2 by 9 in., compressive strengths from modi- 
fied cube compression specimens, and absorptions from beam fragments. 
Moduli of elasticity were obtained from tests of 15 cylinders, 6 by 18 in. 
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In Series B, load-deflection curves were obtained for 36 beams, 3 by 4 
by 39 in. tested on a 36-in. span from which the values for moduli of elas- 
ticity, moduli of rupture, and energy of rupture were obtained. Com- 
pressive strengths were obtained by the modified cube method. Freezing 
and thawing tests were made on 48 beams, 3 by 4 by 16 in. The damaging 
effects of the freezing and thawing action were measured by the dynamic 
method. 

The characteristics of reinforced concrete beams made with Waylite 
aggregate were checked against those made with Janesville sand 
and gravel by testing 8 beams, 6 by 12 by 114 in. on a 9 ft. span. In 
these tests stresses calculated from the usual formulas were compared 
with those calculated from actual strains. Compressive strains in the 
concrete, tensile strains in the longitudinal steel and in the stirrups, and 
end slip of the longitudinal reinforcing bars were read at frequent inter- 
vals during each test. 


AGGREGATE PROPERTIES 


Waylite is a steam-centrifuged, inflated, blast-furnace slag, cellular 
in structure. The fine material, graded from No. 4 sieve to dust, weighs 
from 55 to 65 lb. per cu. ft. on a loose, dry basis; coarse material from 
No. 4 to 3¢ in. weighs 35 to 40 lb. per cu. ft. On the same basis, Janes- 
ville gravel weighs about 90 lb., Janesville sand 105 lb. and University 
sand 98 lb. The mechanical analyses of the aggregates used are given in 
Table 1. 

Waylite aggregate tends to produce a harsh-working concrete subject 
to serious bleeding. To overcome these difficulties, experiments were 
made with variations in grading, including gap gradings, variable addi- 
tions of a fine sand, and additions of admixtures such as Cemixite and 


TABLE 1—MECHANICAL ANALYSIS OF AGGREGATES 


Per Cent Retained on Given Sieve 


Sieve eee . era 
No. Coarse Waylite Janesville Fine Waylite Janesville Universi- 
Series Series Gravel Series Series Sand ty Sand 
A B A B 
34 in. 0 0 $.0 0 0 0 0 
¥¢ in. 11.3 1.4 61.6 0 0 0 0 
4 95.0 77.4 94.4 0.5 0 1.3 0 
s 97.7 87.2 100.0 16.8 19.5 10.2 0 
16 98.1 92.8 100.0 38.5 $7.5 25.5 1.0 
30 98.3 95.6 160.0 63.2 74.5 18.0 1.0 
50 98.5 97.0 100.0 82.4 88.0 85.0 10.2 
100 98.8 98.2 100.0 92.3 94.0 98S 89.7 
Fineness 


w 
wt 


Modulus 5.98 5.50 6.60 2.94 3.24 2.69 l 
e 
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infusorial earth. Based on these experiments the following conclusions 
were drawn: 

1—Scalping the fine Waylite, (removal of all material coarser than a 
No. 8 screen) markedly improved the workability and helped to reduce 
bleeding. 

2—The addition of pulverized Waylite to regular or scalped fine aggre- 
gate did not improve workability enough to warrant its use economically. 
3—By far the best results were obtained through the additions of a 
fine, river- or lake-type silicious sand to a properly designed mix. Satis- 
factory workability and almost complete bleeding control resulted when 
the sand addition was made equal to 14 the total weight of the Waylite 
aggregate for the fluid mixes and 45 the total weight for the vibrated 

+—The judicious use of the two types of admixtures reduced the bleed- 
ing and helped in securing smooth action under the trowel but not so 
effectively as did the use of fine sand. 


MIXING AND MANUFACTURE 


All mixes were designed by the water-cement ratio trial method of pro- 
portioning. In these batches the aggregate and water were first thor- 
oughly mixed before the cement was introduced and mixing was continued 
for several additional minutes after all materials had been added.- This 
method must be followed if a satisfactory initial workability is to be 
obtained. The placeability of the Waylite mixes could not be measured 
satisfactorily by the slump test but was judged by the trowelling and 
rodding characteristics. 

All aggregates were air-dried before using, and the water content of 
each mix reported was the total water added. This procedure was fol- 
lowed because of the difficulty of securing satisfactory absorption values 
for the -ellular Waylite aggregate. Janesville and University sands 
absorb about 0.5 per cent water by weight, Janesville gravel about 1.4 
per cent, fine Waylite and coarse Waylite, as nearly as could be deter- 
mined by observation of the surface during slow drying after 30 minute 
immersion, 5.8 and 7.8 per cent respectively. 

In Series B, the fluid Waylite mixes and the fluid sand-and-gravel 
mixes were designed to have approximately equal compressive strengths. 
The sand-and-gravel mixes had slumps varying between 4 and 5 inches. 
Kach vibrated Waylite mix was designed to have the same total water as 
one of the fluid Waylite mixes. The vibrated mixes were satisfactorily 
placed with an internal vibrator operating at 10,000 r.p.m. and carried 
from 17 to 40 per cent more aggregate than did the fluid mixes 


All of the specimens were moist cured until tested. 
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TESTING 


Standard methods were used for most of the tests and need no further 
comment. Since the details of the freezing and thawing tests are not 
standardized, the method used is briefly described: 


After 28 days of moist curing, the 3 by 4 by 16-in. beams were placed in the dynamic 
testing apparatus and their fundamental frequencies of vibration obtained for two 
planes of vibration. Half of the specimens, controls, were then returned to the moist 
closet until the end of the test program, at which time the fundamental frequencies 
of vibration were again determined. They were then broken in cross-bending, and 
the fragments were tested ‘as modified cubes in compression. The companion beams 
were soaked in water for 24 hours and were then placed in trays in which the water 
level was kept at 34 in. at all times. The loaded trays were placed in a freezer in which 
the temperature varied between —5 F. and —12 F. and kept there until the beams 
reached a temperature of about —10 F. The trays were then taken out and the beams 
were air thawed at a temperature between 70 and 80 F. Such a cycle required 24 hours 
for completion. After every 10 cycles the beams were soaked for 24 hours in water 
after they had air thawed and the natural frequencies were again determined. Thus a 
history of the change of the natural frequency, or dynamic modulus of elasticity, was 
obtained for each beam, from which a prediction of the amount of damage caused by 
the freezing and thawing cycles could be obtained. When beams deteriorated to the 
point where they could be crushed between the fingers they were discarded. At the end 
of 50 cycles, the beams that were left were tested in the same way as the control 
specimens. 


Dynamic moduli of elasticity were calculated by means of the equation*— 


713.9 pL’ fp T 


m* d? 


where 


specific weight in lb. per cu. ft. 
L = length in inches 


8 
Il 


f = natural frequency in kilocycles 
, d , , : 
T = correction factor dependent on L and Poisson’s ratio 
= 1.26 for d equal to 3 in., and 1.41 for d equal to 4 in. 
m = constant = 4.73 
d = depth of beam in plane of vibration, inches, 


RESULTS OF TESTS—SERIES A 


These results are summarized in Table 2. The data show that the 
compressive strengths, compressive moduli of elasticity, moduli of rup- 
ture, and specific weights decreased in the usual manner as the cement 
contents decreased. The specific weights of the green Waylite concrete 
varied from 106.2 to 112.5 lb. per cu. ft., with values for comparable mixes 
containing University sand additions in general slightly higher. Air 


*Taken from paper ‘Discussion of Dynamic Methods of Testing Concrete with Suggestions for Stand- 
ardization’’, by Leonard Obert and Wilbur I. Duvall, ASTM Proc., 1941. 
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drying reduced these values to between 90 and 100 lb. per cu. ft. Com- 
pressive moduli of elasticity, varying from 1,860,000 to 2,710,000. psi, 
are approximately two-thirds as large as would be expected for gravel 


concretes of similar strengths. 


The ratios of modulus of rupture ,to 
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Fig. 1—Compressive strength design curves for fluid Waylite concrete with 1 3 University 
sand added 
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compressive strength and the strength gains from 7 to 28 days closely 
approximate those generally reported for gravel concrete. The 24-hour 
absorptions of the plain Waylite concrete varied from 11.8 to 16.9 per 
cent and were generally slightly higher than for the Waylite concrete 
with University sand additions. These absorpitons are about twice as 
high as those expected for gravel concrete of comparable strengths. 


Commonly used water-cement ratio design methods may be used 
successfully with this aggregate. Typical results are shown for the 
studies of this series in Fig. 1. From such curves suitable mixes for any 
strength specification can be computed quickly, as shown by the dotted 
lines for a mix with a 3000 psi compressive strength at 28 days. These 
curves call for 7.4 sacks of cement per cubic yard of concrete, 8.2 gal. of 
water per sack of cement, and a ratio of fine to total Waylite of 0.58. From 
the specific weight and other known quantities, the batch weights are 
easily calculated. 


RESULTS OF TESTS—SERIES B 


Strength, toughness, and durability characteristics for fluid and 
vibrated Waylite concrete and fluid gravel concrete are presented in 
Tables 3 and 4. The strength values in this series are generally lower 
than those of Series A, largely because a somewhat coarser and lower 
strength cement was used. On an equal total water basis, the vibrated 
Waylite concrete carried from 17 to 40 per cent more aggregate than the 
fluid Waylite concrete, and its specific weight was from 2.4 to 5.6 lb. 
per cu. ft. less because it carried less University sand and less cement per 
unit volume. The green Waylite concrete weighed about 75 per cent as 
much as did the green gravel concrete, while on a dry basis the ratio 
would be under 70 per cent. Properties of the vibrated Waylite and fluid 
Waylite concretes, for a given total water content, were essentially 
similar. The fluid Waylite concrete required about 1.5 times as much 
cement for a given strength, as did the fluid gravel concrete. Modulus 
of elasticity values for the gravel concrete were about 45 per cent higher 
than those for Waylite concrete of similar strength. Information on the 
effect of span length on modulus of rupture indicates that the value 
determined from a test on a 14-in. span is approximately 1.2 times that 
determined on a 36-in. span for the Waylite beams, and about 1.4 times 
as high for the gravel concrete beams. Strength gains for moist curing 
from 28 to 90 days, both in compression and transverse bending (Table 4) 
are similar for both types of concrete, with slightly larger percentage 
increases obtaining for the Wayiite concrete and particularly for the 
leaner mixes. 
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Comparison of the dynamic moduli of elasticity with the cross-bending 
moduli shows that for values of F around 2,000,000 psi, good agreement 
was obtained, but the dynamic modulus was about 50 per cent higher 
than the cross-bending F for values of the latter around 4,000,000 psi. 
Moist curing of the control beams from 1 to 3 months increased dynamic 
E from 1.2 to 13.4 per cent for the Waylite concrete, and from 4.1 to 
14.5 per cent for the gravel concrete. The greatest increases were obtained 
in each case for the weakest concrete. Damage due to freezing and thaw- 
ing, indicated by decreases in dynamic £, is shown for each 10 cycles. 
The Waylite concrete beams generally resisted the early cycles better 
than did the gravel concrete beams, but thereafter lost their structural 
strength much more rapidly. After 50 cycles, only the strongest set of 
Waylite beams was left, and had suffered a 90.4 per cent decrease in 
dynamic F, while beams representing the two richest mixes for the gravel 
concrete still remained. These had suffered decreases in dynamic EF of 
43.5 and 90.2 per cent. Beams left after 50 cycles were tested and their 
compressive strengths and moduli of rupture obtained. Observed 
decreases in moduli of rupture agreed closely with values predicted by 
Reagel’s formula from decreases in the dynamic moduli of elasticity 


(Table 4). 


The method of disintegration of the Waylite concrete beams was 
different from that of the gravel concrete beams. The first evidence of 
disintegration of the gravel concrete beams was crazing of the surface 
elements, followed by softening of the ends. The softening progressed 
toward the center until the beams were structurally worthless. Crazing 
was also evident in the first stages of disintegration of the Waylite con- 
crete beams, followed by softening of the ends along with a softening 
action near the centers of the sides. This was followed by cracking 
which seemed to emanate from the softened areas, and by cracks that 
started from the top surfaces and progressed downward. Frequently 
final failure was accompanied by a wide crack that started from the 
bottom and extended almost to the top. Fig. 2 shows Waylite beam A5 
after 50 cycles of freezing and thawing. 


RESULTS OF REINFORCED CONCRETE BEAM TESTS 


Properties of eight reinforced Waylite and gravel concrete beams and 
their controls are shown in Table 5. Noteworthy is the close agreement, 
at 0.45 f,’, between stresses determined from measured strains and those 
calculated from standard theory assuming straight line variation of the 
concrete stress. This agreement persisted to ultimate for both concrete 


and steel, concrete stresses for measured strains being evaluated from 
compressive stress-strain diagrams for cylinders. The ultimate tensile 
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Fig. 2— Appearance of 
a rich Waylite beam 
after 50 cycles of freez- 
ing and thawing 





strength of the Waylite concrete in beams 1 and 2, based on the calculated 
shear stresses at ultimate, assuming the concrete fully effective in tension 
near the end of the beams, was approximately 5 per cent of the compres- 
sive strength. This low value was also checked by a limited series of 
tension tests on 6 in. cylinders where the tensile strengths developed 
varied from 41% to 6 per cent of the compressive values. With due allow- 
ance for variations in compressive strength, bond resistance was similar 
for both types of concrete, the values reported agreeing closely with those 
reported by others for substantially similar bars and concrete strengths. 

It would appear that reinforced lightweight concrete may be designed 
safely according to the principles now accepted for heavy concrete except 
that more shear steel must be used because of the lower tensile-compres- 
sive strength ratio for lightweight conerete. Attention should be called 
to the markedly lower values of modulus of elasticity for lightweight 
concrete which means an increased value of k and hence a greater per- 
centage of tensile steel to develop a given concrete strength as compared 


with gravel concrete. 


CONCLUSIONS 


1--Water-cement ratio design methods may be applied with confidence 
to the design of lightweight structural concrete mixes for both puddled 
and vibrator placement provided special precautions are observed (a) 
to mix aggregate and water before cement is added to the mix, (b) to 
control water in the aggregate with accuracy and (c) to provide thorough 
mixing. 

2-—Satisfactory workability and bleeding control may be secured 
effectively through additions of a fine silicious sand to a properly designed 
mix. 
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3-—The specific weight of Waylite concrete is about 70 per cent, the 
absorption about twice, and the modulus of elasticity about two-thirds 
that of gravel concrete of similar strength in the range up to 4500 psi. 

4—As the compressive strengths increase up to 4500 psi the bond 
strengths also increase, closely checking values for gravel concretes of 
similar strength, 

5—The toughnesses of fluid Waylite and gravel concretes of similar 
strengths measured in transverse bending are substantially equal, 
ranging from 0.003 to 0.010 in, lb. per cu. in. for compressive strengths 
from 1250 to 4500 psi. 

6 Vibration with properly designed mixes 1s highly effective in 
increasing strength, toughness and stiffness of lightweight concrete for a 
given cement content. 

7—Fluid Waylite concrete requires about 50 per cent greater cement 
content than gravel concrete of similar placeability to produce a given 
strength. 

S— The change in dynamic modulus of elasticity is a rapid and reliable 
means for measuring damage caused by freezing and thawing. 

9—Structural Waylite concrete offers somewhat greater resistance to 
a limited number of freezing and thawing cycles than does gravel con- 
crete but breaks down much more rapidly as the number of cycles 
becomes large, [except for very rich mixes, structural Waylite concrete 
should not be recommended for placement in locations where considerable 
freezing and thawing action in the presence of moisture may take place 
unless an excellent waterproofing treatment is provided, 

10. A 3 by 4 by 16-in. beam proved to be a highly satisfactory speci- 
men, permitting dynamic # determinations in two planes, one serving as 
a check on the other, Transverse and compressive strengths could also 
be secured from the same specimen. 

11 Reinforced Waylite concrete may be designed according to the 
principles now accepted for heavy concrete except that more shear steel 
must be used because of the somewhat lower tensile-compressive strength 
ratio for lightweight concrete, and due allowance must be made for the 
lower values of modulus of elasticity. 
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Made with Waylite Aggregate* 


DISCUSSION By JOHN S. NELLES and the AUTHORS 
By JOHN S. NELLESt 


A study of this excellent paper verifies the fact that lightweight struc- 
tural concretes are costly in cement when compressive strengths of 
2000 psi. or greater are required. 

Any concrete mixture containing a light, porous aggregate requires 
more cement-water paste to fill the voids in the aggregate and between 
the aggregate particles, than do the standard concretes. If the quality 
of the paste is to be maintained it is very costly in cement, unless another 
material can be found of similar physical characteristics to replace part 
of the cement. If the paste is diluted by the addition of water only, 
the water cement ratio will be increased, the strength of the concrete de- 
creased, and the workability and density ruined because the paste will 
not have sufficient viscosity to keep the aggregate particles in sus- 
pension. 

When fine aggregate of sand size, but of greater specific gravity than 
the coarse aggregate is added, the heavier fine aggregate will settle out 
of the mix and float the lighter coarse aggregate during the placing of 
the concrete; and also during the sedimentation cycle after placement. 

Using a fine aggregate, obtained by crushing the light coarse aggregate 
to a sand size would make a more homogeneous mix, because the fine 
and coarse aggregates are of the same type and specific gravity; but 
would not improve the workability or water gain characteristics to any 
great extent because the individual particles of the manufactured fine 
aggregate would be angular in form, similar to the harsh coarse aggregate. 

Pulverizing this aggregate and adding the powdered material would 
result in only a slight improvement, because the angularity of the particles 
would permit only a limited amount of this material to be added, whereas 


*ACI Jounnat, June 1042; Proceedings, V. 38, p. 505 
tDetroit Edison Co., Detroit, Mich. 
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an excess of fine material is needed to augment the paste content. This 
would explain why the addition of pulverized ‘“Waylite” to the mix did 
not give entirely satisfactory workability. 

What light-weight concretes require is a fine aggregate that will pro- 
duce an excess of paste, rather than an excess of mortar, and more parti- 
cularly, a paste that will have sufficient viscosity to hold the coarse 
aggregates in suspension. 

For the past twelve years we have been investigating the value of fly- 
ash in concretes and much of that work had to do with fly-ash in cinder 
concrete. 

Fly-ash is an extremely fine material, (73 per cent passing a 400-mesh 
Tyler screen), and weighs 53 lb. per cu. ft. It is collected from the stacks 
of pulverized coal-fired boilers and its particles are spherical in form. 
This unusual physical characteristic makes it possible to add very large 
amounts to the mix, increasing the amount of paste, enabling the harsh, 
coarse aggregate particles to move more freely in the mass without 
interference, thereby greatly improving the workability. At the same 
time the fly-ash increases the viscosity of the paste, just as the addition 
of more cement would do. For this reason, fly-ash, when added in 
sufficient quantity, not only serves as an excellent fine aggregate, but 
also because of its paste-forming characteristic, makes it unnecessary 
to add such abnormal quantities of cement. 


It would be out of place to publish any comprehensive detail of our 
tests in this discussion, but since we have actually used several thousand 
cubie yards of cinder-fly-ash concrete, we include data on a few of these 
mixes. 

TABLE A—CINDER FLY-ASH CONCRETE 
Nominal Mix 


Compressive 


Cement | Fly-Ash | Crushed Water Strength 

Content Content Cement | Fly-Ash Cinders (Gal. 28 Days 
Bags/Cu. Yd./Lb./Cu. Yd. Bags Cu. Ft. Cu. Ft. per Bag) (psi) 
5.02 467 l 1.86 4.66 11.9 3075 
4.13 ' §12 l 2.48 6.33 12.9 2120 
5.05 505 ] 2.0 4.16 13.1 3130 
5.50 500 ] 1.82 3.92 11.5 3270 


When light-weight structural concretes are produced which will com- 
pare favorably with standard concretes, as to compressive strength, 
workability and cement content, their advantages in light-weight and 
increased elasticity will bring them into more extensive use in the build- 
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ing industry. We believe that the use of fly-ash as a fine aggregate will 
be a major factor in bringing this about. 


AUTHORS’ CLOSURE 


The authors are greatly interested in the discussion by Mr. Nelles 
regarding the use of fly-ash in lightweight concrete. At the present time 
we are both actively engaged in some work involving additions of 
fly-ash and also extremely finely divided Waylite to structural Waylite 
concrete. Unfortunately our work has not progressed far enough to 
allow us to present any definite conclusions. 

With regard to the statement by Mr. Nelles that: ‘‘When fine aggre- 
gate of sand size, but of greater specific gravity than the coarse aggregate 
is added, the heavier fine aggregate will settle out of the mix and float 
the lighter coarse aggregate during the placing of the concrete; and also 
during the sedimentation cycle after placement,” it would appear from 
our experience that the mixes to which he refers have been improperly 
designed. A well designed lightweight concrete with a fine heavy sand 
added for workability, in which the water is closely controlled and which 
has been properly and sufficiently mixed, is plastic, works easily, and 
shows little or no segregation or excess water after placement. Certainly 
no such flotation as described has ever been observed by us. Thousands 
of yards of structural Waylite concrete using fine silicious sand additions 
have been placed by hand puddling and by vibratory methods during 
the past year with satisfaction 

In his last paragraph, Mr. Nelles refers to the advantages of lightweight 
concrete and among them he names increased elasticity. It is not clear 
just what is meant by the vcrm in this instance, certainly not modulus 
of elasticity. 

We appreciate that the addition of fly-ash to light weight concrete 
made with angular aggregates will undoubtedly alleviate some of its 
undesirable features. That it will do so more effectively and economically 
than fine silicious sand or other admixtures has not yet been demonstrated 
to the authors’ satisfaction. It is hoped that the projected investigations 
will result in positive conclusions on this point. 
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Job Problems and Practice 


WHAT JPP MEANS 


an informal clearing house for mutual help on concrete problems; 
an opportunity for the ACI] member who knows to tell the ACI 
member who needs the information. If the subject matter holds proba- 
bilities of general interest it will be briefed in these pages—with author- 
ship credit unless the contributor prefers not 

If you know of an interesting problem whose solution has smoothed 
the way of someone in the field, record it briefly. If you have a problem, 
present it; a question, ask it. If you are moved to helpful comment or 
constructive criticism write the Secretary. 

The “answers” are those of individuals to whom the questions are 
referred and not of the ACI. 


Concrete Curing Compound—Made on the Job (38-100) 
BY PAUL A. JONES* 


After a good deal of experimenting, we of the Buffalo Rapids project, 
Bureau of Reclamation, have hit upon what we consider to be a highly 
satisfactory concrete curing compound that can be cheaply made on the 
job. Realizing that the popularity of liquid sealing compounds for curing 
concrete is increasing rapidly, and that with present raw material short- 
ages the supply of reliable commercial products might become limited 
to the point of restriction, we offer our experiences with P. J. emulsion 
concrete curing compound, 

First, a few words on the development of P. J. emulsion, With a 
rather vague idea of the composition of one type of commercial compound 
as a background, it was our first thought that a material saving in cost 
might be achieved by dispersing the solids portion of a curing compound 
in Water as an emulsion, rather than to use a solvent, ‘Triethanolamine 
in combination with stearic acid was selected as the emulsifying agent 
Next, having determined on paraffin as an inexpensive major ingredient 
of the solids portion, we devoted considerable time to tests, with the 


*Construction engineer, Bureau of Reclamation, Buffalo Rapide Project, Montana 
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Fig. 1—Effectiveness of P. J. emulsion as a moisture seal 


object of finding a material for combination with paraffin that would 
impart elasticity as well as tightness to the film. Glue, varnish, motor 
oil, neatsfoot oil, and linseed oil, to mention a few, were tried. It became 
evident before long that boiled linseed oil showed the most promise, so 
we concentrated on this and finally concocted a mixture that provided 
a high degree of moisture-sealing efficiency, coupled with low material 
cost, 


After thorough tests indicated that something really worthwhile had 
been discovered, we turned our findings over to the main Bureau of Re- 
Clamation laboratories in Denver for verification, The Denver results 
checked with ours and approval was granted for the use of P. Jot emul- 
sion on our conerete work, 

As it is not desired to encumber this article with detailed test data, 
there are presented just two typical graphs for the edification of those 
who might want to visualize the moisture-sealing efficiency of the emul- 
sion. Note that boiled linseed oil is considerably more effective than 
raw oil, and is well worth the extra few cents per gallon, 

Now for the secret formula: 


To make 450 gallons 


Parafiin 10.7 Ib 
Boiled linseed oil 74.5 Ib 
Triethanolamine 13.2 Ib 
Stearic acid 16.6 Ib, 
Water 248.3 Ib 

Total ; 102.3 Ib 


(oiled linseed oif from any reliable dealer may be used, Stearic acid may be of 
the single-presned grade, Paraffin of 125-127 m.p., refined grade is suitable, Tt in 
understood that triethanolamine in still weatiahlo in amall quantities in chemical 
supply houses, but the manufacturers have recently been obliged to require a 
sulevenes rating in order to furniah this material 


Dubbed “lM. J. for Paul Jones by the Denver offiee 
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The preparation of P. J. Emulsion is simple. All ingredients except 
triethanolamine are heated together until the solid constituents are 


melted, the mixture being slowly stirred during this operation. ‘The 
triethanolamine is then added and the stirring continued. until the 
mixture cools, The stirring may be done by hand, using a paddle, or, 


as on our work, may be accomplished by an electrical mixer designed for 
slow rotation about IS ropoam. ‘Too rapid stirring will result in an un- 
stable emulsion Usually, any slight separation can be rectified by 
rehenting and stirring, 

The formula as given is particularly suitable when soft water is used 
as an ingredient If hard water only is available, some adjustment in 
the total or relative quantities of triethanolamine and stearic acid will 
he necessary to secure stability. In most cases the necessary alteration 
ean be determined by trial and error, using small test batches It. is 
desirable to store P. J. emulsion at a temperature of about 60°R., but, 
if it should freeze, there is evidence that no permanent harm has been 
done, and that reheating and mixing will restore the original properties, 

Application to an ultimate coverage of 150 square feet per gallon is 
recommended for most conerete curing, and may be accomplished by 
either spraying or brushing. ‘The emulsion will produce some discolora- 
tion on conerete surfaces, and might be objectionable for that reason for 
some structures If efficient heat reflection for structures exposed to 
direct sunlight is desired, it is suggested that the emulsion film be 
coated with whitewash, although we have not had occasion to use this 
procedure on our work as yet 

As a last thought, it might be stated that P. J. emulsion has proved 


‘to be an effective substitute for form oil, We have been using it for some 


time for that purpose on both wood and steel formes 


Concrete of the Future (38-101) 
BY R. kt. DAVIS* 


If we review the history of concrete | think we will all appreciate that 
there has been a gradual progress, not always a smooth progress, but a 
progress in jumps, LT do not believe we have yet come to the point where 
we are fully realizing the potentiality of concrete as a construction 
material, -T think we are a long way short of it. Take strength of con- 
crete, for example, L remember when we used to talk about twelve hun 
dred pound concrete Now we talk about five thousand pound conerete, 
and we know that we are obtaining much higher strengths than that, 
even, in concrete cast in place, T have in mind a test whieh | witnessed 
something over a year ago in the laboratory of the Bureau of Reclamation 


*lh response tO um question, at the [ay At 1 ‘(duis Seesion,”’ aa to the “potentialities of concrete,” 
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in Denver—a core from a dam containing a barrel of cement per cubic 
yard exhibited a compressive strength of a little better than 8000 psi. 
—that is something for us te think about. Many of our building stones 
exhibit strengths of 15,000 or 20,000 psi, a few of them as high as 25,000 
Ib. I see no reason to doubt that we may have concretes which will 
quite commonly go to 10,000 psi, perhaps some of them to 15,000 or 
20,000—probably not with our present cements but perhaps with our 
present cements modified by added materials. 

When we begin to think about the other properties of concrete, we all 
realize that we need a concrete that is more rubbery. In a meeting 
yesterday somebody spoke of the desirability of having cement paste 
that is not so brittle so that we might get rid of shrinkage cracks, one of 
the most troublesome things with which we have to contend. I believe 
we may reasonably expect that in time there will be developed a concrete 
which will produce buildings and bridges and dams free from cracks. 
We are still looking for a concrete that will resist the action of weather 
as well as do some of our natural stones. 

The optimums in high strength, volume constancy, freedom from 
cracking, weathering resistance and other desirable properties are not 
going to be achieved today or tomorrow but so long as we are not satisfied 
with our achievements, so long as the men in the laboratory and field 
are searching for improvements, development will continue. One of the 
most interesting things about this material of concrete is that there is 
never any lack of problems, we have never come to the point where we 
can say our work is finished; we always have something to look for- 
ward to. 

I think it is not unreasonable to expect that, both in the quality of 
the material and in the variety of uses to which it is adapted, the concrete 
of the future will be as superior to that of today as the concrete of today 
is superior to that of the turn of the century. In other words, we may 
expect future developments to be Just as great as have been those of 
the past. 


Placing Cold Concrete in Hot Weather* (38-102) 
ROY W. CARLSON} 


Q (a) What are the advantages of placing cold concrete in hot 
water? (b) How, with efficiency, may concrete be made and placed 
cool in hot weather? 

A—The advantages of placing concrete at low temperature in hot 
weather are that the maximum temperature is thereby reduced and the 
chance of getting cracks due to subsequent cooling are eliminated or 


*From the 1942 ACI Convention's “Quiz Session.” 


tMass. Institute of Te hnology, Cambridge, Maas. 
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at least modified. I will not go into all the ramifications of how and why 
this is so, but I think most of you know that in mass concrete, especially 
in dams, it is important to keep the maximum temperature down, 
The only really effective way to place cold concrete seems to be to add 
slush ice to the mixer as part of the mixing water. This is being done 
in a number of dams, for example in the Friant Dam in California and 
the Norfolk Dam in Arkansas. This subject is treated at length in the 
report of ACT Committee 207, Properties of Mass Concrete,, soon to be 


released, 


Evaluating ‘‘n”’ (38-103) 


Charles A. E:lhs* rose at the ACT 1942 “Quiz Session’’ with a question 
from the floor; Arthur N. Talbot presented the answer. The question: 


Q-— Some years ago this Institute sponsored a new formula for rein- 
forced-concrete columns in which n seems to have been thrown in the 
ashean, The formula tacitly admits that the moduli of elasticity of 
steel and concrete are the same, or else that there is no relation whatever 
hetween unit stress and unit strain. If there is no relation between 
unit stress and unit strain, I shall probably lose my job because I am 
teaching the theory of statically indeterminate structures, which theory 
is developed upon a relation between unit stress and unit strain. 


I now explain the new column formula to the students by what I call 
the Alphonse-Gaston method. When the concrete gets tired, it throws 
the load into the steel, and when the steel gets tired it throws the load 
back into the conerete, and 1 get away with it. Now comes another 
perplexing question in Section 804 (c) of the Joint Committee Report, 
which states:—‘‘Where compression reinforcement is used its effective- 
ness in resisting bending may be taken at twice the value indicated by 
the computations . . . .”’ The student asks “Professor, why twice?” 
What shall I tell him? Why twice? Is the question clear? 


BY A. N. TALBOTT 


AI do not know the origin of this provision; until about an hour 
ago | had not known that it was in the design section of the ACI Building 
Regulations. In recent years | have been doing and thinking about 
other things than reinforced concrete, but while Professor Ellis was 
speaking, I recalled some things that happened in 1907, in connection 
with tests of plain and reinforced concrete columns, and in connection 
with some work that had been done in France. I myself devised a little 


*Dept. of Civil Engineering, Purdue University, Lafayette, Ind 

tDoctor Talbot's last participation in Institute discussion—he died April 3. See News Letter pages in 
this and April Journa.s. 

tSee ‘Tests of Concrete and Reinforced Concrete Columns,”’ by Arthur N. Talbot, Bulletin 10, Engin- 
eering Experiment Station, University of Illinois, 1907, 
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analytical consideration of the compressive strength of conerete in 
flexure, involving the relations between stress and strain, and between 
steel and concrete; the result was called the parabolic formula. Now 
in the theory of the parabolic formula, the initial tangent to the parabolic 
curve (representing the relation between concrete stress and strain) is 
the line of constant or initial modulus of elasticity. If the stress in the 
concrete is small, the parabola remains close to the tangent, and the 
concrete stress closely approaches that calculated from the initial modu- 
lus of elasticity. Now if the load is increased so that the concrete reaches 
its full resistance, the stress is indicated by the maximum ordinate of 
the parabola, and at that point the stress is just half as much as might 
be calculated from the strain and the initial modulus of elasticity. In 
other words, at the point of failure of the concrete, if the concrete follows 
the parabolic theory of “tress distribution, the effective (or secant) 
modulus of elasticity of the concrete is just one-half the initial modulus; 
the corresponding value of n at this point of failure is twice the initial, 
or elastic, value. So it may be that this code provision originated in a 
study of stress-strain relations at failure according to the parabolic theory. 
Surely it would be on the safe side if the material were to act in such a 
way as to follow such a particular curve. Whether it is right or not, I 
don’t know. 
BY F. E. RICHART* 

I believe Professor Talbot has indicated the essential consideration 
that led to the code provision under discussion, viz., the plastic or in- 
elastic deformation of the concrete in compression and flexural members 
at failure. Many tests have shown that compressive reinforcement may 
develop stresses under steady load that are three to four times the 
initial elastic stress; furthermore, when the concrete is highly stressed 
it exhibits a short-time creep which completely upsets the conventional 
computation of compressive steel stress based on the initial modular 
ratio, n. [M@europe, it is quite common to use a rather large value of 7, 
of say 15 to 20, although the value based on elastic action might be only 
8 to 10. Since the stress in compression steel is a direct function of n, 
it is evident that while no theory is particularly accurate, the use of an 
increased value of n will come nearer expressing actual conditions at 
failure than will the conventional value. Other properties of the beam 
or column, such as the position of the neutral axis, compressive stress 
in concrete, ete., are less directly affected by n, and much confusion is 
avoided by making no change in the use of the conventional n in these 
cases. 

The provision for using a double value of n in computing stress in 
compressive steel in beams while retaining the ordinary n for other 


*Subsequently, by letter. 
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purposes is doubtless repugnant to anyone who thinks the conventional 
straight-line theory represents the actual stress distribution in a beam, 
particularly near the ultimate load. This provision is intended to bring 
design and actual stresses into closer agreement than before. The general 
subject of time yield and inelastic deformation of concrete and of the 
consequent high compression steel stress, and the recent discussions 
both in Europe and America of various plastic theories of beams have 
drawn the attention of designers and investigators to the need for a 
more realistic treatment of beam design; however, I agree with Professor 
ellis that the inclusion of a new code provision such as this one needs 
explanation and justification. The foregoing represents my idea of the 
reasons for this provision of the code. 


Determining Reinforcement in Hardened Concrete (38-104) 


Q-—Our problem is in the fact that we propose to install heavy equip- 
ment in an old building with reinforced concrete floors and beams. 
Apparently no drawings are available that show the reinforcing details. 
It becomes highly important that we find some means of determining 
the amount and distribution of the reinforcing steel. We have been 
advised that an X-ray process has been successfully developed for this 
purpose. We should greatly appreciate any information or suggestions 
you may have to offer. 


BY H. L. FLODIN* 


A—Some work of this type has been done both in this country and 
in Hurope. 

At the annual meeting of the American Society for Testing Materials, 
held in 1936, a symposium on this subject was presented. Not published 
in the regular proceedings of the Society this was published in a separate 
book under the title “Symposium on Radiography and X-ray Diffraction 
Methods.” On page 96 there is an X-ray photograph of a reinforced 
concrete floor 5 in. thick which not only shows the embedded bars very 
clearly but even the fine wire ties at the intersections of the bars. There 
is a brief description of the method used on page 97. The information 
was supplied by Herman Ek. Seemann, physicist of the Kodak Research 
Laboratories, Rochester, New York. 

In a discussion of Mr. Seemann’s paper by R. K. Bernard, consulting 
engineer of Philadelphia, which appears on page 112, Mr. Bernard de- 
scribes X-ray studies to determine the causes of cracks in certain rein- 
forced concrete roof girders. This discussion is illustrated with com- 
plete diagrams of the structure in question, with sketches showing the 
positions of the X-ray lamp. The photographs obtained are reproduced 


*Structural Bureau, Portland Cement Assn... Chicago 
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and demonstrate very clearly that certain reinforcing bars supposed to 
be placed in these girders, and particularly the stirrups, were wholly 
missing. Thus, the crack was completely accounted for. There is also 
a photograph showing the setup of the X-ray apparatus on the job. This 
appears to be reasonably simple. 

Some time ago we discussed the subject with representatives of the 
General Electric X-Ray Corp., Chicago, who stated that the method 
was entirely feasible and so far as they knew would be successful in 
photographing thicknesses of concrete at least up to 12 in. Beyond this 
point they were inclined to think that the strength of current required 
would make the apparatus too cumbersome for field use. We were 
referred to the National Testing Laboratories, Rochester, New York. 
These laboratories were prepared to undertake any reasonable field 
work and have had considerable experience in diverse industrial appli- 
cations. 

Several references have appeared on the subject in foreign publications. 
One of these is, ‘“X-Ray Studies of Concrete’ by C. Kantner in Beton 
und Eisen, Vol. 31, page 170, for June 5, 1932. Five photographs of a 
concrete beam are shown to indicate the effectiveness of this method of 
investigation for locating reinforcing. 

Another article appears under the title ‘Investigations of Reinforced 
Concrete with X-Rays,’ by R. Bernhard in Zentralblatt der Bauver- 
waltung, Vol. 51, page 806, for Dec. 30, 1931. 

Instead of trying to locate the reinforcing and the amount of steel, 
load tests are often made to determine the carrying capacity of floor 
slabs. These tests are made by loading the floors with pig iron or bagged 
sand or other heavy materials and the deflection is measured. The work, 
of course, should be done by competent structural engineers. 


A Formula and a Diagram for the Spacing of Stirrups (38-105) 
BY E. ZBINDEN* 

Tables and diagrams for the spacing of stirrups have been published 
before, but none of these methods has proven entirely satisfactory. 

A method, formula and diagram are presented here. 

The formula itself is easy enough to remember and the diagram based 
on it is entered with two values S and N which have to be computed in 
any case. 

In this method, the shear triangle is divided into N unit areas. The 
location of each stirrup within the unit area it takes care of is such that 
it divides the unit area into to equal parts. This is somewhat different 
from the center of gravity of the unit area. Which location is theoretically 


*Montreal, Que. 
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more nearly correct remains to be proven. The 1928 ACI Handbook 
located the stirrup by the equal area method, while the 1939 ACI Hand- 
book uses the center of gravity. 

In the diagram, each horizontal line corresponds to a fixed value of 
S:V N. For each such value, the distances a, were computed to the 
nearest inch, the spacings obtained and then these spacings were re- 
arranged in groups of equal and standard spacings. The new distances a,, 
thus obtained differ from those computed directly by not more than one 
inch except in a few isolated cases. 

Another advantage of the spacing formula introduced here is that it 
may be useful in other problems than the spacing of stirrups. These 
other possibilities have, however, not been investigated. 


DESIGN OF STIRRUPS 


The design of stirrups entails the determination of the number of 
stirrups required and their spacing. While the number of stirrups 
depends upon the area of that part of the shear diagram for which they 
are required, their spacing depends upon the shape of the diagram. 

Three types of shear diagrams will be considered here: rectangular, 
triangular and trapezoidal. 

Rectangular shear diagram 

After having selected the type of stirrup, its size and the steel stress, 

the constant spacing is given by the formula: 
Af 

vb 

Values of (A, f,) are listed on the spacing diagram. 
Triangular shear diagram 

After having selected the type of stirrup, its size and the steel stress, 
the procedure is to determine: 

1) The length of beam for which stirrups are required (base length 
of shear diagram), 8. 
2) The number of stirrups required, N. 
3) The spacing of the stirrups. 
Formulas 


1) In the case of uniform loads, the value of S is as follows: If shearing 
stress is v at both ends of the beam: S = 
If shearing stress is v,; at other end of beam: S = B. 


For other loadings, the value of S can be obtained from a shear 
diagram. 





sdnuys jo Buisodg—y ‘614 









(1333) SG Wveovid Bv3HS YVINONVI¥L 40 HION37 3SV8 


June 1942 




















T T . 


[ o€ vi] 00021| owe | oees | osez [ooore | 


| OOSE!| OOO!! | OSB Over ovie ,2Sees 





4 


OOES?!, OOOO!!! O9BL _0Ovy 096! ;Q00002) 











JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 


[osoi | 0006 | owox | ogee | 0921 |ovoe | 
| O€VE | CCOS 0629 OZSE | ALS i [0008 | 
| 0098 | 0002 | COSS | OBOE | OLE! [O00P! | 


| OLEL | 0009 | OOLH | OWBe_ OBI! jsoes' | 
GE 2 ue | ue Ou *.%A| aj 
SdNBwIis N BOs *J AW JO SIN IWA | 


a 











530 

















JOB PROBLEMS AND PRACTICE 


6S v' b 
A, ff, 
3) The spacing is read directly from the spacing diagram for the com- 

puted values of S and N, as set forth in the examples, 


2) Number of stirrups required: = N 





Trapezoidal shear diagram 


The procedure is to determine S, N and the spacing of the stirrups 
for a triangular shear diagram extended from and including the trap- 
ezoidal area. The number and spacing of the stirrups located within the 
trapezoidal area is then the correct shear reinforcement for this part. 

If S, is the base length of the trapezoidal shear diagram, in feet, we 
have the following formulas: 


: max v’ : max V max v’ 
S= S, or S= SN, 
max v — minv max V — min V- maxv 
max v’ 
V = 6 S ae b 
re A 


The spacing is then taken as for a triangular shear diagram, directly 
from the spacing diagram, utilizing only that part located between S 
and S-S,. The number of stirrups required is known once we have the 
spacing. 

As we can determine directly the number of stirrups required in the 
trapezoidal area, this affords a convenient check if such is deemed 
necessary. 

If N, is the number of stirrups required in the trapezoidal area, we 
have: 

(max ve + min v’) 


AeI, 


N, =68S, b 


General formula for the spacing of stirrups 


The spacing of stirrups, in the case of a triangular shear diagram, is 
governed by the following formula: 


Ss yo 
Ay, — Vn — l4 
VN 
a, is the distance of the (n)th stirrup from the apex of the shear triangle. 
(n) takes successively all the values from N to 1, 


Note: The division of the triangular shear diagram into (V) equal 
areas, corresponding to CV) stirrups, is governed by the formula: 
S 
b, —="v 9 
VN 
b, is the distance of the (n)th division line from the apex of the shear 
triangle. 
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Example 1—Triangular shear diagram, 


v 155 psi. bf 2500 psi. v’ = 80 psi. 
lL = 24.0 ft. f, 20,000 psi. 
6 = 13 in. 3, in. U-stirrups 


From the spacing diagram, we find that for the stirnup and stress selected, Ay f, 1400. 
24.0 80 


S = ) > {ft 
2 155 
' i. eee 1S 
N = 6x 6.2- = §.8, say 9 stirrups, 
4400 
On the spacing diagram, find the intersection of a vertical line at S 6.2 ft. and the 
inclined line cotresponding to N 9 +.1 10 stirrups. The spacing is then read off 


the nearest horizontal line from the point of intersection towards the right In ou 
case, we read: 
3 @ 4in., 4 @ 6in., 1 @ Min, 1 @ 12 in, 
Note: This is the spacing of 9 stirrups within the base length of 6.2 ft., but as if a 
10th stirrup were located at the face of the support. The theoretically exact inclined 
line to be used should be one corresponding to N+ '4, or A 9.5 in this example 


Vrample 2—Trapezoidal shear diagram 


v max 175 psi. oe 2500 psi v’ max 100 psi. 
ymin 110 psi. Si, 20,000 psi v’ min 35 psi 
So 5 ft. 9 in, 8. in, U-stirrups eS HOO 

100 b 13 in. 

S = 5.75 rae = S.8 ft. 

100 — 35 
am 100 x 13 
N =6x88 = 16 stirrups 


1400 
The spacing for the triangular shear diagram is: 
4@ 3in.,5 @ 4in., 5 @ G6in., 1 @ 9in., 1 @ 12 in. 
The stirrups located within the base length S, 5.75 ft. are: 
4 @ 3in., 5 @ 42n., 5 @& 6in., 
making a total of 14 stirrups, the last one being located 5 ft. 2 in. from the face of the 
support. 
Checking the number of stirrups, we have: 
(100 + 35) 13 


N, = 6x 5.75 = 14 stirrups. 
140) 
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Air raid protection 

Engineering News-Record, V. 128, No. 1 (Jan. 1, 1942) p. 34-35 Reviewed by 8. J. CHAMBERLIN 
A check list of fundamentals from two government publications, ‘Protective con- 

struction— Structures Series Bulletin No. 1” and “Blackouts” (Superintendent. of 

Documents, Washington, D. C., 25 cents each). 


Simplifying concrete street construction 

Engineering News-Record, V, 128, No. 0 (Feb. 26, 1942) p. 50-00 Reviewed by 8. J, CHAMBERLIN 
Twenty to 30-ft. pavements have plane surfaces on three slopes passing through the 

ordinates of a parabola. Curbs in 6-ft. lengths are placed first with removable steel 

separators between sections. The 12-in. gutter section has the steepest slope and is the 

last to be placed. 


Concrete rockers for Hawaiian bridges 


Russec. C. Brinker, Lieut. (CEC) USNR, Engineering News-Record, Vol. 128, No. 11 (Mareh 12, 1942) 


p. 111-112 Reviewed by 8. J. CHAMBERLIN 


The concrete rockers are 24 x 24 and 36 in. high. A flat bearing surface extends over 
about one-third the width with a 44-in. lead plate for a cushion at top and bottom. 
Phosphor-bronze shear plugs are centered at both ends. The rocker is heavily rein- 
forced, as are the super-structure and piers in the area of the rockers 


Trends in concrete highway design 
A. A. Anderson, Engineering News-Record, V. 128, No. 10 (Feb, 12, 1942) p. 03-05 
Reviewed by 8S. J, CHuamupmr.in 


Keonomy and searcity of materials are eliminating needless refinement of design. 
Since steel may be reduced by improved joint spacing and proper crack control there 
is a renewed interest in joint-spacing research. ‘Treated cements show promising results 
in reducing the effect of chemicals and frost action on pavement surfaces. Because of 
the lack of bleeding, treated-cement concrete requires faster finishing 


Concrete flower and plant pots 
R. H. Baumaantren, Concrete Building & Concrete Products, V. 17, No. 3, March 1942, pp, 37-39 
Reviewed by J. C. Pranson 


High price and searcity of clay pots in England offer an excellent opportunity for 
products manufacturers to make concrete pots. The methods of manufacture for small 
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and large pots are given in detail, together with cost of production equipment, materials 
and labor. It is shown that concrete pots can be made and sold at prices which, com 
pared with pre-war prices of clay pots, afford a satisfactory margin of profit 


Grouting tunnel lining on the aqueduct 
Engineering Newa-Record, V, 128, No, 1 (Jan. 1, 1942) p. 30-41 Reviewed by S. J. CuaAmMuent.in 
Newer practices in concrete placing on the Delaware aqueduct result in less grouting. 
The grouting is done, through pipes left in the lining, with a displacement pump that 
forces neat cement, or sand and cement, grout into any opening outside the concrete 
lining. Low pressure grouting (up to 100 psi.) is allowed after one month and is pri- 
marily for filling voids around the concrete lining and to plug contraction and con 
struction joints. High pressure grouting (up to 600 psi.) is allowed after three month 


Paving methods at an eastern airbase 
Engineering Newa- Record, V. 125, No. 1 (Jan, 1, 1942) p, 82-45 Reviewed by 8S. J. CHamurentin 
The concrete involving almost 500,000 sq. yds. is batched in a conventional highway 
paver’s plant and mixed and distributed in 25-ft. widths by a paver. The pavement i 
6 in, with thickened edges. A power joint machine cuts t!o in. deep dummy joint 
which are filled with a removable steel strip and later poured with bituminous material 
Brequent movements between short runs resulted in the development of a “stone boat” 
for moving the finishing machines, Most of the work is with treated cement; untreated 
cement sections will furnish a basis for comparison 


Navy graving dock built off shore in the dry 
ki, C. Seimenr, Capt. (CEC) USN, Engineering Newa-Hecord, V. 127, No. 25 (Dee, 18, 1041) p. Soe 
Reviewed by J, Coamouenia 


After floating dredges had excavated to a 60-ft. depth, the aren was enclosed by a 
dike and dewatered by many small deep well pumps while well-points protected slope 
The advantages of the small pumps were: availability; low cost; decentralized flow; 
opportunity for servicing, After dewatering the site was graded and a gravel base pre 
pared for the concrete floor which was placed in alternate block sections. Concrete wa 
delivered in S-yd. buckets from a 8$26-ft. span cableway supported on traveling tower 


Construction of side walls was begun as soon as a section of the bottom was completed 


Putting a river underground 
Engineering News-Record, V. 128, No, 5 (Jan, 20, 1942) p, 42-45 Reviewed by S. J. Ciammentin 
The twin 30 x 19-ft. pressure conduit will carry a 4-lane express highway on its top 
A 6-in. layer of lean concrete is laid over the soft bottom, invert forms are set and filled 
alternately, with wall and arch placement, following. Steel forms for one outside wall 
and two inside walls (one side of the centertline) are attached to each of two carrier 
Ten 20-ft. long sets of arch forms are used for each barrel and are designed to collapse 
and move forward through formain place. The concrete is mixed by a paver and pumped 
by a double and a single-cylinder pump through a single line to point of placing. ‘The 
discharge end of the line is supported under a long boom of a crawler crane 


Falsework for arches set on drum gates 

Lingineering NewaeKecord, V. 128, No. 15 (April 0, 1942) pp, SOS Reviewed by J, CHAMMEnLIN 
Falsework used to support the concrete arches of a highway bridge across the Grand 

Coulee dam spillway was framed as three-post bents with brackets to support over 

hanging cap ends. Two legs of the 21-ft. wide bents were carried on the steel of the 
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drum gates. Where they could not bear on stiffner ribs.in the steel drum gate structure 
the load was distributed by a 4-ft. length of 10 x 10-in. steel H-beam. The placing 
sequence was such as to avoid unbalanced thrusts during construction, The falsework 
height was adjusted by wedges so that the finished barrel would be at the design elevation 
throughout 


Effect of admixtures on portland cement 


Cuas. H. Jumren and Gronan KatouseK, Rock Products, V. 45, No. 4, Apr. 1942, pp. 54-57 and V. 45, 
No. 5, May 1042, pp. 25-20 Reviewed by Roy N. Youna 


Aluminum, alkali, and caleium salts, a group of miscellaneous inorganic compounds, 
and group of organic compounds were added in varying amounts to three cement 
clinker one high early and two standard of different compositions Observations 
were made on water-cement puste relative to condition of the paste at one minute after 
mixing, setting time, and temperature changes of pastes with reference to time. The 
admixtures had marked effeets upon these propertie 

Although no conclusions were drawn or basic relationships established, it is believed 


that such studies will assist in an understanding of the setting and hardening phenomena. 


Concrete beehive for munitions storage 
Fuancis R. Macthuway, Engineering News-Kecord, V. 128, No. 13 (March 26, 1942) p. 74-76 


Reviewed by 8. J. CHAMBERLIN 

An elliptical concrete dome consisting of a 6-in. shell of concrete with radial 4-in 
bar-trusses, which act as erection aids and support for the 4, to '4-in. horizontal tension 
wires encircling the strueture, offers considerable savings in steel, conerete and labor 
over the conventional “igloo.” Construction is to be simplified by using a polygon 
shape rather than a true spheroid. Steel centering and masts for the bar-trusses are 
designed for manual handling. ‘To help reduce the results of explosion blasts as well 
as to reduce temperature and shrinkage stresses the dome would not be fastened to 


the concrete base 


Navy drydocks make construction history 
Engineering News-Record, V. 128, No, 148 (March 26, 1042) p. 48 Reviewed by S. J. CHamnnntin 
Underwater methods have speeded drydock construction and have set precedents for 
other types of work, ‘The site is exeavated below water level by dipper dredge, leveled 
off with I-beam drag and covered with a layer of crushed stone. Steel box forms are 
lowered onto steel H-piles for conereting the 14-ft. thick bottom, The concrete is 
conveyed by pipeline to a tremie-concrete barge where it is discharged into hoppers 
over the tremie pipes. Fight tremie pipes in line permit the placing over a 15S-ft, 
width of bottom at one time with no sidewise translation nor breaking of tremie séals 


Included are four attractive reproductions of drawings by Mise Lili Rethi 


White cement floors for better light 
Engineering Newa-Record, V. 128 No, 11 (March 12, 1042) p, 88-00 Reviewed by 8. J. Cranmnnniin 
In the new bomber assembly plants a ®y-in, topping consisting of a 1:2! mix of white 
cement and white silica sand is being used on the floors to reflect light onto the underside 
of the wings and fuselages. Of the same mortar proportions as the concrete base course 
placing begins as soon as the base has hardened sufficiently to keep heel marks inapprec 
inble. Deposited by wheelbarrows, the mortar is spread by hand shovels and struck with 
a wood template. Following initial set the surface is machine troweled with three 
rotating trowel blades. Final finish is by hand with celluloid trowels. Curing is aided 
by sodiumesilicate spray coats protected by Kraft paper and sand, Final operation is 
washing and polishing 
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Sliding scaffolds speed cement plant 
Engineering News-Record, V, 128, No. 13 (March 26, 1942) p. 50-53 Reviewed by 8, J. CHAMBERLIN 
The 80 x 467-ft. raw storage building cons'sts principally of a series of transverse 
concrete bents, 20 ft. apart, made up of columns along the outside wall line, crossbeams 
under the floor and arched roof beams carrying an arched concrete roof of 77-ft. clear 
span. Concrete girders connecting the bents on each side carry a crane track. At the 
haunches of each arched roof beam is a cross-tie made up of four steel angles supported 
by hangars. The interior is divided into eight storage compartments by retaining walls 
Two 100-ft. traveling scaffolds, 50 ft. high, served as form falsework and working plat 
forms for sections corresponding to lengths between expansion joints. In order to 
clear the tie rods all forms and supports are shifted to one scaffold and the clear scaffold 
moved ahead. The forms are then transferred and the second unit is brought up in 
line. Ordinary scaffolding is erated on the outside of each section 


Grid system floor of record spans 
Srernen LD. Szeao, Engineering News-Record, V. 128, No. 1 (Jan. 1, 1942) p. 56-458 
Reviewed by 8. J. CuamMuentin 


Steel columns with reinforced-concrete cantilever beams having their steel beveled 
and butt-welded to the column faces support a grid system of reinforeed concrete 
beams 20 in. deep. The 4-in, slab floor is designed for 200 Ib. per sq. ft. The columns 
are spaced 56 ft. one way and 44 ft, in the other direction with a diagonal length of about 
70 ft. between column centers in the line of the beams. From the columns the 28-in 
crossed cantilever beams extend to the third point of the span. The ends of the can 
tilevers are connected by a double set of diagonal grid beams having a spacing of IL ft. 
4 in. on centers. The principles involved consist in the equalization of deformations in 
two rows of statically indeterminate sets of continuous beams, the varying lengths of 
which results in almost complete equilibrium and causes appreciable reduction of the 
moments in the frame. 


Absorptive form lining tests at Friant 
Engineering News-Record, V. 127, No, 25 (Dee, 18, 1041) p. 72-74 Reviewed by 8S. J, CHuamurniin 
Superior surfaces can be obtained without troublesome requirements or special 
tools when absorptive form lining is properly used and kept dry prior to concrete place 
ment, The Bureau of Reclamation specifies values for absorption, transverse strength 
and deflection, tensile strength linear expansion and size tolerance Cantilever form 
are well suited to the use of absorptive form lining because of the absence of struts and 
ties. Form surfaces must be reasonably smooth and free from offsets before the lining 
is nailed in place, ‘To avoid sticking, forms should be stripped before the concrete i 
36 hrs. old. The concrete should be placed and properly vibrated in layers not more 
than 12 in. thick. Small vibrators may be used within 6 in. of the lining and large 
Vibrators kept at least 12 in, away. The form lining can be used only once but the not 
excessive cost is partially offset by savings in cleaning and oiling of forms and the filling 
of surface voids, 


Prestressed concrete water tanks 

Engineering Newa-Record, V, 128, No, 17 (April 23, 1042) pp. 64-05 Reviewed by J, CHAMHERLIN 
The tanks have an inside diameter of 106 ft. with a height to overflow of 40 ft. and a 

dome rise of 13%5 ft. The footings were placed in sections and the floor placed in con 

centric circles from the outside to the center, The inner 15-in, wall was placed to the 

full height, with three-tenths of the periphery formed at one time, ‘The wall forms were 

made of panel sections about 8 ft. square. After the concrete shell had set, 74 round 
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steel bands, 14¢ in. thick, consisting of ten rods each connected by turnbuckles, were 
placed around the wall and prestressed by means of the turnbuekles. Forms for the 49 
in. wall covering the steel bands were 4 x 15 ft. lined with plywood. The concrete was 
placed in lifts of 3.8 ft., the forms being moved up as the work progressed. A dome ring 
bearing directly on the top of the wall, separated by an asphalt joint, extended approxi- 
mately 8 in. in on the dome curve, Before placing the dome, nine steel bands were 
prestressed around the dome ring. The dome itself was placed in three concentric 
sections. 


Determining the heat evolution of cement 


A. TAKATA Cement, 1941, 14 (9), 157-60. Building Science Abstracta, Vv. XIV (New Series) No. 11, 
Nov. 1041, p. 164, (London). Hiaguway Researcn ApsTRAcTs 


The report, which is an abridgement of the author's original paper, describes the 
thermos-flask method of measuring the heat evolution of cement and thence obtaining 
the heat of hydration. The heat dissipated is calculated as the product of the leakage 
constant of the thermos flask, and the temperature curve of the specimen is plotted in a 
diagram as a function of time. The leakage constant is obtained from the velocity of 
temperature decrease of hot water placed in the brass container within the flask. The 
procedure is described and the results obtained by this method on neat cement are 
shown graphically together with examples of the effect of temperature of materials 
before mixing and of using different water ratios at constant temperature. It is shown 
that the ratio between the tensile or compressive strength and velocity of heat evolution 
of cements is of importance in the placing of mass concrete and should be high in cement 
used for such purposes 


Pre-cast concrete water storage tanks 


Anon. Concrete Building & Conerete Products, V. 17, No. 2, Feb, 1942, pp. 25-26 
Reviewed by J. C. Peanson 


Difficulties in providing reserve supplies of water for use during air raids in lengland 
have been rather serious, and various types of emergency storage have been constructed 
This article describes and illustrates a simple tank of the silo type, 5 ft. deep by 16 ft 
diameter, made of 25 reinforced slabs or staves, hooped with steel bands, and holding 
HO00 gal Plastic jointing material is used to give watertight joints when the staves 
are put in Compression by tightening the steel bands An interesting scheme was 


adopted to overcome the difficulty of getting sufficient tension in the bands against 


the friction of the concrete. The slabs are tapered slightly to give a conical exterior 
‘The bands are set only moderately tight at the top and are then driven down, like 
hoops on a barrel, to produce the necessary compression in the slabs. ‘The slabs are set 
on pre-cast foundation blocks laid in a cirele, and the bottom is a thin slab cast in place 


after the walls are erected 


Precast concrete framing units for navy warehouse 
Engineering News-Record, V. 127, No, 25 (Dee, 18, 1041) p. 67-00 Reviewed by 8S. J. CHAMBERLIN 
Dense concrete, accurately controlled under “factory” casting conditions, avoidance 
of need for shoring and greater speed in building erection, ave some of the advantages 
secured by prefabricating the reinforced conerete second floor framing for a two story 
building \etual cost is some 25 per cent under the estimate for cast-in-place con- 
truction, The struts and joists are cast on a platform, the reinforcing is welded into a 
cage, and the dry mix concrete is dumped on the tops of the open forms from transit 
mixers, The platform is vibrated, stopped, forms refilled ane vibrated, A battery of 
hydraulic jacks compress the forms from the side, A 1:3! 5 mix is used, with sand and 
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No. 3 granite rock proportioned for maximum density. With a water-cement ratio of 
3.3 gal. per sack the 7-day strengths are as high as 6,500 psi. The units are delivered 
by truck and placed with a crane. The girders are cast in place with the ends of the pre- 
fabricated units projecting into the forms. Projecting steel bars from the ends of the 
units are welded together for continuity through the girders. 


Bomb tests of materials and structures 
Engineering News-Record, Vol. 128, No. 5 (Jan. 20, 1942) p. 47-49. Reviewed by 8S. J. CHAMBERLIN 
The article gives data from the War Department on the resistance of various types of 
construction under actual bombing. One set of tests were made on wall panels (concrete 
not included, except cinder blocks) placed on a circumference around the bomb. ‘Tests 
with air-raid shelters were made to determine resistance of several types. Underground 
reinforced-concrete box shelter provided good resistance, as did properly designed cor- 
rugated-iron structures. Sand-filled bombs dropped from 4000 to 12,000 ft. on to un- 
covered roof slabs of 5, 8 add 12-in. thicknesses caused local damage and perforated the 
slab. Indications were that the concrete and reinforcing steel acted separately and that 
the resistance of the reinforcing was relatively small. Small bars are better than an 
equal area of large bars. Under actual bombing much shattering occurred to beams and 
columns in building prototypes. The use of straight bars is recommended without 
bending. ‘Tests on a semi-buried structure emphasized the need of rounded surfaces 
and an adequate roof to resist direct hits. Sand-filled and live bombs indicated that 
1-ft. thick burster slabs placed over earth are inadequate. 


Warehouse designed to speed construction 
Engineering News-Record, V. 128, No. 17 (April 23, 1942) pp. 78-80 Reviewed by 8. J. CHuaAmsen.in 
The 540 x 1400-ft. storage warehouse consists of 22 ft. 4 in. x 40 ft. bays, with IS-in. 
circular concrete columns supporting a 6-in. thick concrete roof slab, which rests on 
15 x 40 in. beams running the long way of the building. Over a 52-ft. wide monitor 
section the 31% in. slab is supported by inverted or overhead beams. To eliminate 
disposal pumps, the rain-water will be impounded in ponds on the slab roof. The floor 
was allowed to slope to reduce earthmoving, but the roof is level. Three 100-ft. sections 
of traveler and forms for the main roof slab were provided for each of the bays in the 
full width of the building. A traveling bridge, riding on permanent crane rails, carried 
the forms for the monitor roof. Truck mixers were loaded at a portable batching plant 
and the concrete hoisted to the roof in a low-loading height bucket where it was dis 
tributed by big-wheel concrete carts. A rich mix, six bags of cement, and finely ground 
cement, supplemented by preheating the materials with steam jets, produced a concrete 
of high early strength characteristics. Tarpaulins, salamanders and straw were used 
during cold weather concreting. 


Concrete in sea-water 


Homer M. Hapuey, A Revised Viewpoint Needed, Trans. Am. Soc. C.h., V. 107 (1942) p. 345 (also Proe, 
Jan. 1041). Reviewed by H. J. Ginwry 


From the results of extended visual observations on concrete structures exposed to 
sea-water along the Pacific Coast the author concludes that evidence of sea water 
(sulphate of magnesium) attack is almost wholly lacking. The paper is illustrated by 
cases of both good and bad concrete which has been subjected to sea-water exposure. 
Lack of durability is ascribed in nearly all cases to permeability or porosity from poor 
grading proportioning or placement, non-durable aggregate or to insufficient protection 
of steel reinforcement, resulting in rusting and spalling 
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He recommends that the sulphate of magnesium attack theory be abandoned and 
that for sea-water resistant structures the attention be focused upon the need for dense 
impermeable concrete of sound aggregates and for adequate cover over reinforcement. 

As published in the Transactions, Am. Soc. C.I.., several discussions and a closure are 
appended to the original paper and the entire assembly constitutes a rather full coverage 
or Symposium upon the subject of sea water exposure for concrete. Several shades of 
belief are represented. 


Experiments on the reduction of crack formation in road concrete 
W. ScCHONBERG, Betonstrasse, 1940, 15 (11), 135-7 Road Abstracts, Oct. 14, 1941, Vol. VITIT No. ll,p 1358 
Hicguway Researcu ApsTRAcTs 


For various reasons, attempts to reduce cracking in concrete slabs by using special 
cements, constructing dummy joints in long slabs, or employing special aggregates such 
as pumice, slag, ete., have met with little suecess. A method that has given good results 
is the use’of burnt clay “chippings’” as aggregate. The results of observations over a 
period of three years on an expertinental surfacing of this type are as follows: (a) 
Shrinkage has been very small ana no transverse cracks are yet apparent, (b) Some 
longitudinal cracks appeared during 1940 in the slabs laid on curbed sections, (¢) Special 
measurements of surface wear were not undertaken, but the rate of wear is somewhat 
greater than in concrete containing hard aggregate, (d) Wear occurred evenly over the 
whole surface, and potholes, ete., did not develop, (e) Disintegration began at one of the 
transverse joints soon after the conerete was laid, but this is attributed to insufficient 
consolidation as the other joints remained in good condition. Reference is also made to 
the experimental use of pre-coated chippings as aggregate. Only one transverse crack 
has oecurred in the series of 164-ft. slabs constructed in 1937-38 with concrete of this 
type. A third process that has been used experimentally on the Cologne-Wupperstal 
motor road consists in adding a slow-breaking bitumen emulsion to the mixing water for 
the concrete. It is claimed that the bituminous material both renders the concrete 
waterproof and reduces the shrinkage. The slabs, which were up to 123 ft. long, were 
placed in 1939 and showed no cracking at the end of 1940, 


Stress concentrations in plates loaded over small areas 
H. M. WesrerGaarp, Proc. Am. Soc. C.h., Vol. 68, No. 4, Part 1 (April 1942) p. 509-534, 
Reviewed by H. J. GiuKey 


The paper is a mathematical analysis of the stress situations resulting from concen- 
trations of loads on plates or slabs for which the following conditions or limitations are 
assumed to exist: 

a) The loaded area is not too close to any line or point of concentrated support 
nor to any edge. 

(b) The main dimensions of the loaded area are not too small compared with the 
thickness of the plate or slab. 

c) The material of the slab can be considered to be homogeneous, isotropic and 
elastic. 

The author expresses the stresses and deformations in the region of the concentration 
by simple formulas in terms of a set of three “place coefficients” and a set of three “area 
coeflicients.”” The place coefficients depend only on the size and shape of the plate or 
slab, the type of support and location of the load. The area coefficients depend only on 
size and shape of loaded area, and on the manner of distribution of the load over that 
area, Symmetry may reduce one of the three place coefficients to zero. 

Six sets of place coefficients are derived which number can be extended indefinitely. 
‘Twelve sets of area coeflicients are derived. A numerical example is given, using a 
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pavement slab for illustration. The method can be modified for extension to problems 
in which the loaded area is small compared with thickness of plate or slab. The method 
can be adapted to the solution of many problems of stress concentration in plates. 
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ACI Manual of Concrete Inspection* 


DISCUSSION BY A. BURTON COHEN, ROY W. ‘CRUM, ©. G. JULIAN, H. F. 
THOMSON, W. R. WAUGH, HERMAN G. PROTZE, JR., with FREDERICK B. 
PARKS and DONALD G. BALL, A. T. GOLDBECK, H. G. FARMER, WILFRID SCHNARR, 
M. A.SWAYZE—Closing remarks by J. W. KELLY, Chairman Committee 611 


Discussion was voluminous and detailed; parts of it occupied an 
entire session at the Convention, February 1942. The usual procedure 
in recording each discussion fully, in one piece, is abandoned in favor of 
reader convenience, by breaking up each discussor’s contribution into 
parts applicable to chapters and sections of the Manual and grouping 
these parts in the order of the Manual’s subject matter, so that each 
part of the book is considered in one sequence. This arrangement is 
preceded by the discussors’ general comments on the importance of 
concrete inspection and on the Manual, its purpose and treatment as a 
whole, Editor. 


THE MANUAL AND INSPECTION IN GENERAL 


A. Burton Cohen:t 1 think the Committee has done a very good job 
in developing this Manual, but I should like to emphasize the fact that 
the Manual is of little value if it is not put into the hands of men who 
understand what it is all about, and the basic principles that control 
the development of good concrete. So this evening I am not concerned 
so much with the rules and regulations that have been developed to 
control concrete construction, but I am concerned about the ability of 
the engineer to direct the regulations. This most important phase of 
producing a sound structure has been woefully neglected. Research 
men and designers have spent years and years to improve the art but 
their efforts are wasted by poor supervision in the field. 

“Inspection’’ an inadequate term 


You will note that I have avoided the term inspection. I think it is 
an inadequate term; the results obtained are commensurable with the 


*Issued as a special publication (141 pages) to ACT members, July 1941 
(Consulting engineer, New York, N. Y. 


(541) 








542 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE Suppl. Nov. 1942 


meaning of that word; how can one direct or properly interpret. the 
intent of the design and specifications if he is not familiar with the 
fundamental principles of design and has not followed the work of the 
research men to know the significance and the underlying principles 
which govern the formation of the rules and regulations? 


We need technically trained men or their equivalent; there is a fine 
field for the college man with the right aptitude and force. They must 
be compensated in accordance with their knowledge and the importance 
of their responsibility. The so-called inspector must be replaced by 
an engineer of construction, technically trained. This is a job that 
cannot be filled by any college graduate. It is an easy matter to deter- 
mine whether or not a man has the right temperament or a student has 
the right temperament or ability for this important field which leads to 
the control of the industry. The technical school is the first best medium 
to tackle this problem. Other agencies and industry can put on the 
finishing touches. An engineer who is trained to start as an engineer- 
inspector should advance rapidly in the construction field to the position 
of superintendent. Good superintendents are scarce; so there is a field 
for the college man to go from this position of engineer of the work to 
that of superintendent and on to the contracting field. As I listen to 
our discussions in the Institute and think of the fine work that is being 
done by the research man and by those who present improvements in 
design, there runs in my mind a certain futility of effort because we are 
not paying sufficient attention to carry out the principles of the fine 
work that these men are doing. It has been my experience, and I am 
not talking about all agencies of construction of all work but in general, 
that inspection is something to worry about; there are many instances 
of absolute ignorance of inspectors in my memory but I shall not attempt 
to relate them. It is so important however to find men of ability or to 
develop men of ability who can carry on the work that has been ad- 
vanced by this Committee and to carry it out with an intelligence that 
will produce results. 

More discussion of human relations in inspection 

R. W. Crum:* Careful perusal of this Manual impresses one with 
the fact that it is a very workable document and that if followed thought- 
fully good concrete should result. Mr. Kelly and the Committee are to 
be congratulated on a fine piece of work which hits so closely to the 
bullseye of their objective. 

Of course nothing is perfect on the first attempt, nor on any attempt 
for that matter. But everything can be improved although perfection 
may be:unattainable, and since it is expected that the Manual after 
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being put through the refining processes of study and revision will be- 
come a Standard of the Institute, it is desirable for those interested in the 
subject to set down for the benefit of the Committee such constructive 
criticisms as they have, no matter how small in import. This is my 
excuse for observations to follow. 

I realize that consideration was given to the amount of material to 
be included bearing upon the relations of the inspector to the contractor 
on the one hand and to the owner on the other, and to the human factors 
of judgment and discretion, However, since these factors loom so large 
in the every day problems of the inspector and since competency in 
handling human relations and in making allowance for the always neces- 
sary tolerances in administering construction specifications is so vital 
to success, | should like to see some extension of the discussion of these 
factors in the Manual, 

O. G, Julian:* Committee 611 should be commended upon turning 
out a splendid piece of work. Everyone responsible for the installation 
of concrete, whether it be on a small job or in connection with monu- 
mental structures, should be familiar with the contents of the Manual, 
The term “everyone” as here used includes engineer, contractor, super- 
intendent, foreman, and inspector. Unless this personnel is working 
in close harmony and has sympathetic viewpoints, “harshness’’ on the 
job is likely. This harshness is no more conducive to good concrete 
than is harshness of the mix. 

The Manual has been published in convenient pocket size-—unfor- 
tunately, in paper covers which are not durable. 

Trained technical personnel needed 


It should be emphasized (as it is in the Manual) that concrete is not 
simply a more or less arbitrary mix of cement, stone, sand and water, 
mixed until it looks uniform, and then ‘poured’? into forms without 
benefit of adequate working, protection and curing. The manufacture, 
installation and curing of concrete requires trained technical personne! 
on all parts of the job and this personnel should be supplemented by 
the facilities of an adequately equipped and staffed testing laboratory. 
No one can tell by his unaided senses if the component parts or the 
mixed product will produce good, durable concrete, One might as well 
attempt to manufacture steel without the aid of trained supervision, 
chemists, metallurgists and adequate testing facilities as to manufac- 
ture concrete without corresponding personnel and facilities. The work- 
ing and curing of concrete are analagous to the working and annealing 
of steel, The former, however, is too often left to a foreman who has 
not read the specifications, is totally unsympathetic with their require- 
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ments (because they are different from what he has been doing in the 
past) and who is full of excuses for not working and curing the concrete. 
These excuses apply especially to the curing of vertical and overhead 
surfaces. On the other hand, steel is made, worked and annealed under 
the strict control of trained technicians. The difference in supervision 
is directly reflected in the uniformity and reliability of the finished 
product, As stated by the late George F. Swain,* concrete may be an 
unreliable and not a uniform product; if this is so it is solely because 
those who manufacture, “pour” and do not cure it have not been properly 
educated. That concrete need not be poured like pea soup but should 
be worked into place with tampers, spades, etc, was well known in the 
last century; but this fact and the proper use of more recently intro- 
duced vibrators is a field of education unto itself. The distribution of the 
ACI Manual should do much to further greatly needed education. — It 
should be “required reading” for all structural engineering students, 
concrete material men, concrete manufacturers and contractors, and 
others who have anything to do with concrete design and installation, 

It is unfortunate that in many cases the manual has referred to “mini- 
mum specifications’ without also giving references to more stringent 
requirements in current use. (lxamples will be mentioned in their 
appropriate places in the following pages.) 

H. F. Thomson:t The committee who compiled the Manual are to 
be commended highly. The scope of the material is excellent, and the 
thorough, and at the same time, concise, treatment is noteworthy, — It 
meets a need among concrete technicians which no other publication 
has supplied. We have found that this little volume serves to give 
inspectors for public agencies, especially the newer men, a further back- 
ground for the “why of concrete” than they have received from their 
departmental indoctrination, And we have also distributed copies to 
certain concrete contractors who have found that much of the contents, 
such as the excellent chapter on “Fundamentals of Concrete’ supple- 
ments and clarifies many of their rule-of-thumb conceptions. 


W. R. Waugh:t The Manual is a valuable contribution to concrete 
literature, and is an excellent beginning on the answer to a distinct 
need, Every agency engaged in concrete construction, whether private 
or public, has, no doubt, felt the need for just such a manual, and many 
agencies have prepared and published manuals to suit: their own needs, 

The first line of the second paragraph of the Foreword implies that 
the Manual is primarily intended for the inspector, The writer intends 
in the following to discuss the Manual from the viewpoint of a super- 


*Journal Roaton Society of Civil Engineers, Jan, 1927 
t Vice-president General Material Co., St. Louis, Mo, 
tMaterials Engineer, Hiwassee Projecta, Tennessee Valley Authority, 
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visor who has under his direct or very close indirect supervision a moder- 
ately large group of inspectors. The inspection work is all related in 
one way or another to dam construction. The concrete work encom- 
passes a range from appurtenant concrete structures for earth dams, 
such as intake structures, to mass concrete for gravity type concrete 
dams; and, the inspection work covers a wide range also, extending 
from inspection of concrete aggregate through all of the processes of 
concrete mixing, transporting, placing, finishing, cleanup, curing and 
protection, 
Inspectors have to be ‘‘made"’ and need more detailed information 

The present emergency has complicated the inspection problem in a 
number of ways, but the most serious problem which it presents at 
present is the searcity of capable inspectors. A few years back capable 
and experienced inspectors could be chosen from a long list of appli- 
cants; today inspectors have to be ‘‘made,”’ and that presents the prob- 
lem of inspector training. In this connection the Manual in its present 
form can be and will be used to advantage, but the writer believes that 
it would be of greater value if it were more in detail and more specific 
in a number of respects. After the inspector has received his training 
he needs a ready reference, and in this instance, also, the Manual would 
be of greater value if it were in more detail and more specific, 


Throughout the Manual there are numerous references to other pub- 
lications for ‘“‘additional details” or “recommended practice’, Obviously 
this is absolutely necessary because all of the data included in all of 
the references would combine into several volumes. In many instances 
the “‘meat’’ of a particular subject is given in the Manual, and reference 
to another publication is made for additional details. (See specific 
references at appropriate places in this discussion, ) 


As pointed out in the Foreword, differences of opinion are bound to 
exist as to what should and should not be ineluded in a manual of this 
kind. The member who argues for a shorter treatment no doubt reasons 
that it is useless repetition to include details which may be found in 
other publications, but this argument fails to take into account the 
fact that the inspector may not, and usually does not, have access to 
these other publications, The writer, therefore, believes that to be of 
greatest benefit to the inspector the treatment should be more in detail 
and more specific. This means that the Manual should be a complete 
compilation which gives the inspector not orly the “how” and “why” 
but to a very great degree also the “recommended practice’, Refer- 
ences to source of material for greater detail is very desirable, but the 
minimum treatment should give the fundamental facts, and the in- 
spector should only have to go to a reference, if his curiosity, or some 
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special requirements of his work sends him there for details which ex- 
plain or support the fundamental facts. 


Herman G. Protze, Jr., Frederick B. Parks, Donald G. Ball:* The 
publication of the ACI Manual adds to the literature a much needed 
treatise dealing with the homelier philosophies and fundamentals of this 
controllable construction material. So that this handbook may become 
even more valuable as a guiding text for the new inspector, and as a 
reference check list for the senior technician, the writers present the 
discussion dealing specifically with sections of the Manual relating to 
Concrete Control. (The numerous suggestions of Protze, et al, appear 
in their appropriate places.) 


INTRODUCTION—Manval p. 1-5 


Messrs. Protze, Parks and Ball suggest: adding to paragraph 1, p. 1: 
“Often the actual expenditure on concrete control is more than balanced 
by savings in the cement used, and by the greater ease and economy 
obtained in placement;” rewriting line 17 of p. 4: “Hot plate, oven, or 
alcohol stove for drying aggregates; or other equipment for measuring 
moisture content of aggregates such as is described below;” and adding 
(p. 6, para. 5, 1. 6): “or which will cause improper construction relative 
to the intent of the specifications.” 


FUNDAMENTALS OF CONCRETE—Manual p. 10-20 


Mr. Waugh refers to p. 10, ‘‘where in the first paragraph the reader 
is referred to References 3, 4, 5, 7 and 58, for detail study of principles 
and practices; however, in the following pages (p. 10-20) the “meat” of 
principles and practices is given. The writer is in agreement with this 
method of handling, but even in this instance there seems room for more 
detail.”’ 

Mr. Thomson: The term, ‘“‘water-cement ratio’? might well be clari- 
fied. As used at the bottom of p. 12 and also shown in Fig. 5, it is applied 
as “ratio by weight’’, which is of course correct; but for practical pur- 
poses, the water content expressed as ‘‘gallons per sack of cement” is 
used much more commonly and is more readily understood because of 
the usual measurement of water by gallons instead of by pounds. The 
relation between the two expressions as referring to the same factor, 
should be pointed out. This relation is implied in the note to the cap- 
tion of Fig. 10 but is not definitely stated. 

Messrs. Protze, Parks and Ball: Water-cement ratios should also be 
expressed in terms of both volumes and gallons per sack of cement to 
make Fig. 5 more generally valuable. Curves “A”, “B” and “J”? from 
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Fig. 1 (Reference 3) might well be superimposed on this diagram to 
make its use more valuable particularly since ‘Abrams’ Curve’ is no- 
where given in the Manual. 

Design of Mixes, p. 16-20* 


Mr. Crum: I should like to see this section go a little further and dis- 
cuss the translation of the results of mix design into the familiar speci- 
fication terms of 1:2:4, ete. Since nowadays the inspector may meet 
the statement of specified proportions in terms of volume, weight or 
absolute volumes, some further discussion of the interrelationships of 
these different methods of description should be helpful. For best 
practice it is true that proportions are necessarily arrived at through 
the medium of absolute volumes, but unfortunately the materials can- 
not be measured that way and for successful conversion into volumetric 
or weight measurement thorough understanding of the relationships 
involved are necessary. It is true that these matters are taken up in the 


se 


section on “Proportioning”’, but this seems to be a case in which some 


repetition in thought if not in wording would not be amiss. 


The Manual rightly emphasizes the desirability of arranging propor- 
tions in most cases so that a minimum of cement paste is used. Never- 
theless the use of slightly oversanded mixtures has its place and should 
be discussed. Good engineering sometimes indicates substantial economy 
in the use of such mixtures and at other times to take advantage of their 
very real benefits is good practice. For instance under some conditions 
difficulties incident to gradation of coarse aggregates and variable yield 
may thus be obviated. 

A. T. Goldbeck:+ The subject matter of the Section on Design of 
Mixes is built up on the basis of certain fundamental conceptions which 
will be examined in the present analysis. It is stated, ‘‘The first con- 
sideration in mix design should pertain to the cement paste, that is, 
it is necessary to select the type of cement to be used and the water- 
cement ratio.”’ At the present time there are different classes of cement 
and for that matter there always have been cements of different char- 
acteristics and so naturally the characteristics of the cement must be 
considered. The conception that one must select a definite water- 
cement ratio is based on the assumption that a definite water-cement 
ratio controls both the strength and the durability of concrete. 


The assumption that water-cement ratio controls the strength of the 
concrete is founded on the general water-cement ratio strength relation- 
ship originally stated by D. A. Abrams in his Bulletin 1 of the Lewis 

*Mr. Goldbeck who considers ‘Design of Mixes’’ comprehensively following Mr. Crum's suggestions, 
presents his discussion as applicable also to the report of Com. 613, Recommended Practice for the Design 


of Concrete Mixes, ACI Journat, Jan, 1942; Proceedings V. 38, p. 193. 
tEngineering Director National Crushed Stone Association, Washington, D. C. 
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Institute. Concrete must be mixed to a given consistency or plasticity 
for a given type of structure so that it may be placed and finished prop- 
erly in a manner such that uniformity and freedom from honeycomb will 
result. Under the conception of a constant water-cement ratio it very 
naturally follows that aggregates which are rough and angular will 
require more paste than aggregates which are smooth and rounded, 
and, consequently, it further follows that under this conception of 
concrete design more cement must be used for angular, rough aggre- 
gates than for rounded, smooth aggregates, irrespective of what the 
final properties of these different concretes may be and entirely irre- 
spective of the relative suitability of these respective concretes for the 
actual work they must perform after they are in the structure. 

It becomes pertinent to inquire into the adequacy of such a concep- 
tion of design to produce concrete having the desired strength and 
durability for the conditions under which it must serve. Years ago the 
admirable work done under the direction of Abrams at the Lewis Insti- 
tute established the well known water-cement ratio compressive strength 
relationship. The average curve showing that relationship, appearing 
as Fig. 1 in Bulletin 1 of the Lewis Institute seems to show a very definite 
relationship indeed, especially when the entire curve is viewed, with 
water-ratios extending all the way from approximately 0.4 up to 4.0 by 
volume. But I wonder how many concrete technicians have stopped 
to think that, as a rule, they are concerned with only a very limited 
portion of that curve, that portion extending from 0.5 to 1.25 water- 
cement ratio. The curve is merely the average of a number of individual 
strength results and the significant portion is reproduced in Fig. A. 

It will be seen from Fig. A that there is rather a wide deviation of the 
individual results from the average. For illustration, for a value of 
6 gal. of water per sack of cement, the range of compressive strengths 
was from approximately 2300 up to 3600 psi., the top value being about 
56 per cent higher than the low value. These are laboratory results 
obtained under very carefully controlled conditions and by expert 
technologists. The cement and aggregates were identical for all of the 
tests, but were mixed in different proportions. When different aggre- 
gates were used it is found that each aggregate may have a water- 
cement ratio strength relationship of its own, more or less parallel 
with a similar relationship shown by another combination of aggregates. 
To obtain a given strength with one set of aggregates, a given water- 
cement ratio must be used, but another water-cement ratio is necessary 
for another set of aggregates. Professor Abrams recognized this to be 
the case in his original design bulletin, for his first conclusion was, ‘‘ Wath 
given concrete materials and conditions of test the quantity of mixing 
water used determines the strength of the concrete so long as the mix 
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is of workable plasticity.’”’ Please note the words, ‘“‘with given concrete 
materials’. The fact is, that a general water-cement ratio strength 
relationship is merely the average of a number of such relationships 
which differ from one another depending upon the aggregates used and 
their combinations. 
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TABLE A—COMPARISON OF CONCRETES MADE WITH A LIMESTONE AND 
A SILICEOUS GRAVEL 


Gravel Limestone 
No. | Gal- | Total | Strength Gal- | Total | Strength | Stone- 
of | ey | lons | Weight|\Compressive lons | Weight\Compressive| Gravel 
Sacks} °/t0 | per of Modulus of | °/»0 per of Modulus of | Strength 
| Sack | Water | Rupture | Sack | Water | Rupture Ratios 
——}—_—__}|— oe Aes wl SD : 
3780 3650 965 
5 | .709 | 6.53 272 571 .403 | 7.25 302 677 1.19 
4390 1520 1.03 
6 | .704/ 5.48 | 272 | 655 .696 | 6.00 | 298 720 1.10 
| 5140 5440 1.06 
7 | .712 | 4.82 | 282 707 706 | 5.28 308 825 1.17 


TABLE B—EFFECT OF 100 CYCLES OF FREEZING AND THAWING ON CON. 
CRETES, AGE 10 YEARS 
Cement Factor, 6.3 Sacks per Cu. Yd., Freezing at 10 to —20 F., Thawing at 70 F 
in Water 


Permanent Per Cent 

Coarse Water-Cement Per Cent Ixpansion Reduction 

No. | Aggregate Ratio Loss in Inches per Inch in Modulus 

by Volume Weight No. x 10-5 of Rupture 
2 Stone 79 0.0 114 51 
33 Gravel 79 0.1 295 77 

5 Stone SI 0.3 12 

6 Gravel 74 0.2 25 14 
7 Stone S81 0.1 87 10 
8 Gravel 15 0.0 321 66 
13 Stone 79 0.0 75 7 
17 Gravel .69 3.3 159 64 
23 Stone 78 0.2 134 61 
24 Gravel 71 0.0 273 61 
117 Stone .79 0.3 150 55 
31 Gravel ef 0.1 93 51 


Actually, there are a number of factors which control the compressive 
strength of concrete of which the water-cement ratio, although of high 
importance, is not the sole factor. One merely has to examine the 
water-cement ratio strength relationship curve obtained with concrete 
made in the field to be satisfied of the truth of that statement. In 
Fig. B is shown such a curve obtained on field concrete mixed and tested 
under expert supervision. The curve was published first in Hngineering 
News-Record, V. 96, No. 17 and it applies to the concrete used in the 
construction of the present Portland Cement Association building in 
Chicago. Such a curve merely demonstrates the great difficulty of 
controlling all of the variables which affect the strength of concrete and 
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it demonstrates the entire inadequacy of a given water-cement ratio as 
a means for controlling concrete strengths. Yet many a really superior 
coarse aggregate has been entirely eliminated from use, not by the 
application of the water-cement ratio strength relationship itself, but by 
an entire failure to realize its limitations. The relationship exists but 
it is a different relationship for different aggregates and different other 
conditions, 

Let us be more specific by considering a comparison of two concretes, 
one made with a good grade of limestone and the other made with a 
good grade of siliceous gravel. Both materials were graded essentially 
alike and had a 114 inch maximum size. Both materials were designed 
to have essentially the same workability. The comparison of these 
respective concretes is shown in Table A. 

Table A shows that the limestone concretes were surely not inferior 
to the gravel concretes in compressive strengths and they certainly 
were superior to the gravel concretes in beam strengths, in spite of higher 
water ratios being used in the limestone than in the gravel concretes. 
The cement factors were the same for both aggregates. Surely, the use 
of some arbitrarily selected water-cement ratio, on the assumption that 
it would give like strengths would not be warranted in this case and if 
these respective concretes were designed on that basis, more cement 
would be required for the limestone concrete than for the gravel con- 
crete no matter whether it needed it or not. Were these two aggregates 
in competition a very grave injustice would be done and, in effect, a 
monopoly would be created for the gravel aggregate by the method of 
design suggested in the Manual. 

Another of the concepts evidently used in the Manual in connection 
with design of concrete is that it is quite necessary to keep the water- 
cement ratio in the paste as low as possible, because thereby less shrink- 
age of the concrete results, and for the same reason it is stated that the 
paste o: tent itself should be kept to a minimum. It is perfectly true 
that ww. .. a given cement content the higher the water-ratio, the higher 
will be the shrinkage. But consider the cases given above in Table A, 
In the first place, the difference in water-cement ratio is not great as 
between the stone and gravel concretes and, accordingly, the difference 
in shrinkage would not be great. Furthermore, amount of shrinkage is 
only one of the factors to be considered in connection with any deleterious 
effects shrinkage may have. Another important factor is the tensile 
resistance of the concrete. If concrete were unrestrained, shrinkage 
would produce no internal stress. If the concrete is restrained then 
shrinkage can produce internal tension. But it does not necessarily 
follow that increased shrinkage will produce increased cracking or even 
wider cracking, for the concrete having that increased shrinkage may 
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be better able to withstand the tendency toward shrinkage because of 
its higher tensile resistance. 

It is seen in the above examples that the limestone concrete had 
higher beam resistance than the gravel concrete. Beam resistance is 
at least a measure of tensile resistance. Accordingly, the stone concretes 
above cited, although possibly, but not assuredly, having a slightly 
greater tendency to shrink than the gravel concretes, at the same time 
have higher resistance to cracking due to that shrinkage. Thus, from 
the standpoint of possible deleterious effects from increased water-ratio, 
the slight difference in water-ratio as between stone and gravel con- 
cretes with the same cement factor is hardly worth a second thought. 

Can this slight increase in water-ratio have a deleterious effect so far 
as lack of durability is concerned? It is true the paste will be just a 
little bit weaker and a little bit less dense, but only a little bit and there 
are factors which bring about lack of durability in concrete which far 
outweigh any slight differences in durability due to these rather in- 
consequential differences in water-cement ratio. By and large, it is 
very true that with the same aggregates a high water-cement ratio 
would produce weaker and less durable concrete than a low water-cement 
ratio and there can be no objection to the setting up of a definite maxi- 
mum water-cement ratio for the purpose of attempting to control dur- 
ability of concrete. But that is quite a different matter from the use of 
a definite water-cement ratio from which there can be no departure and 
because of which more cement must be used in one concrete than in 
another. 

When different aggregates are used in conerete it is entirely possible 
to have a concrete of low water cement ratio showing less durability 
and higher volume change than concrete having a high water-cement 
ratio. In Table B are given some test results which will substantiate 
that statement. 

All of the concretes in Table B were designed to have 6.3 sacks of 
cement per cu. yd. They are the conecretes described in the National 
Crushed Stone Association Bulletin No. 
portioning of Concrete for Highways’, September 1931. The broken 


od 


7, “Investigations in the Pro- 


beams from these concretes have been continuously stored in the moist 
room for the past ten years. From them slabs have been sawed 2 in. 
thick and 6 in. square. These slabs have been subjected to freezing and 
thawing tests up to 100 cycles, at the end of which the loss in weight 
was obtained as well as the permanent expansion of the specimens 
and likewise these slabs were tested for modulus of rupture. Time 
does not permit of a complete analysis of all of these data, but let it 
be pointed out that specimen No. 17 having the lowest’ water-cement 
ratio of all the concretes shown, has the highest percentage of loss in 
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weight after 100 cycles of freezing and thawing and also shows next to 
the largest reduction in beam strength due to freezing and thawing. 
This concrete was malle with a siliceous gravel from Texas. The failure 
from freezing and thawing was classed as a mortar failure. Concrete 
No. 5, made with trap rock, had the highest water-cement ratio and 
it will be observed that this concrete suffered very little reduction in 
slab strength after 100 cycles of freezing and thawing and showed very 
little permanent expansion due to freezing, the type of failure being 
Classified as a mortar failure, 

The range of water-ratios shown in the table is representative of the 
range to be expected in practice for highway concretes. A study of 
this table will demonstrate that the effect of freezing and thawing on 
these concretes, whether that effect be reduction in modulus of rupture, 
the production of permanent expansion, or loss of weight, is not a relation- 
ship consistent with the values for water-cement ratio. Quite evidently 
there are other factors acting to bring about deterioration of the con- 
crete which are more significant than the slight difference in water- 
cement ratio necessary for equal consistency in the stone or gravel 
concretes. Yet, the method of design in the manual lays the greatest 
stress on the water-cement ratio of the cement paste to the utter neglect 
of more important factors controlling the durability of the concrete. 

Thus, again, it is emphasized that if conerete is to be designed for a 
structure on the basis of that concrete being capable of serving in that 
particular strueture over long periods of time, something more is needed 
than the mere setting up of some arbitrary water-cement ratio as a 
means for controlling durability and then manipulating the proportions 
for the purpose of obtaining plasticity. The fact that an arbitrary 
selection of water-cement ratio irrespective of other influencing factors 
does not necessarily lead to the same strength or to the same durability 
does not mean that the water-cement ratio strength relationship does 
not have value. That is far from the case. It does have value, but it 
should not be used as a fixed value in such a way that it creates a monop- 
oly for one type of aggregate and thereby excludes aggregates which 
may produce a more durable structure by a very wide margin. Thus, 
the use of the water-cement ratio method of design suggested in the 
Manual for the purpose of obtaining durable concrete of sufficient strength 
not infrequently defeats its own purpose, It may actually prevent the 
use of the most suitable aggregate. 

The question now arises, What method of design should be used in 
lieu of the one indicated in the Manual against which such serious ob- 
jection is here raised? First, the most certain method is by the use of 
thorough investigation of the aggregates and concrete using every known 
test which may have a bearing on the particular problem in hand. It 
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is not enough to decide on some arbitrary water-cement ratio and then 
merely design the concrete for proper workability. There is something 
far more important than mere ability to place the concrete properly. 
That something is the ability of the concrete to resist whatever forces 
and actions it may be subjected to after it is in the structure, The 
tests should simulate those actions and they may include freezing and 
thawing, expansion and contraction due to moisture and temperature, 
chemical effects and any others that may be important in connection 
with the particular structure under consideration. Beam tests should 
replace compression tests for road slabs. 

I realize that this is a big order and frequently cannot be undertaken 
except in the very largest of structures and so the question arises as to 
what is the next best thing to do. 

1. I would propose that the water-cement ratio relationship be rec- 
ognized to the ex.ent of setting up maximum values for water-cement 
ratio, depending on the exposure conditions of the structure. 

2. With a water-ratio not in excess of that required for the desired 
durability and consistency a cement factor should be used which will 
give the required strength. This same cement factor should be used in 
designing concrete for different aggregates. This will require a varying 
water-cement ratio as well as a varying sand factor to maintain the de- 
sired consistency, In no case should the desired maximum water-cement 
ratio be exceeded, 

The advantages of this method are: 

1. A definite cement factor will be required and this is of advantage 
in safeguarding the quality of the concrete mixed to a given consistency, 

2. The water-cement ratio principle is recognized, but not to such an 
extreme extent that competition between different kinds of coarse aggre 
gates is impossible. 

3. The engineer is given a wider choice of aggregates, some of which 
may make superior concrete, but which are virtually eliminated if a 
single, average water-content relation is followed blindly, 

The method suggested is not new. It is recognized and used by some 
very important government departments and state highway depart 
ments and is the basis for Alternate B specifications in the Joint Com 
mittee Report. Its philosophy differs from that of the present chaptes 
on design in the Manual. It is impossible merely to revise the present 
chapter on Design of Mixes in the Manual by the use of slight revisions; 
it must be re-written, There is little use at the moment in bothering 
with the detailed wording necessary to revise the Manual, ‘That require 
quiet study, The important thing now is to recognize that the present 
method of design is inadequate and does not lead to the best and most 
durable concrete. 
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Concrete may be very easily designed in accordance with these ideas 
by the use of Tables C and D which are based on investigations by the 
National Crushed Stone Association. The method of using these tables 
for concrete design will be apparent to concrete technicians. Their 
detailed use, however, is described in the literature of the National 
Crushed Stone Association. 


TABLE C—DRY, RODDED VOLUME OF COARSE AGGREGATE (ANY TYPE) 
PER UNIT VOLUME OF CONCRETE (b/b.) 


Fine Sand Medium Sand Coarse Sand 
Size of Coarse Aggregate, Fineness Modulus of Sand 
Square Opening Laboratory 
Sieves 2.40 2.50 2.60 2.70 2.80 2.00 3.00 3.10 


Values for b by 


No, 4 to % in, 71 70 6o ON 7 6 65 (4 
No. 4 to 1 in. 72 71 70 69 6S 67 66 65 
No. 4 to 119 in 74 73 72 71 70 69 6S 67 
No, 4 to 2 in. 76 7h 74 7: 72 71 70 69 
No. 4 to 2! in 78 77 76 75 74 73 72 71 

b/b dry, rodded volume of coarse aggregate per unit volume of conerete, 

bh olid volume of course iypregate per unit of course aggregate, 

b solid volume of coarse aggregate per unit volume of concrete, 


Note: For concrete pavements or other work in which there should be less mortar than 
required in the usual structural concrete, increase tabulated values of b/b 
approximately LO per cent, 

For concrete especially designed to be compacted by internal vibration under 
very rigid inspection, increase tabulated values of b/b, approximately 15 
per cent, 


TABLE D—CEMENT FACTORS (SACKS OF CEMENT PER CU. YD. OF CONCRETE) 
REQUIRED FOR 28-DAY COMPRESSIVE STRENGTHS LISTED 


Size of No. 4 to | No. 4 to | No. 4 to | No. 4 to | No. 4 to 
Course Aggregate Sain lin l'on 2 in 2', in, 
Slump (in,) 3 6 3 6 3 if) 3 6 3 6 
Angular Coarse 1 | 42 | 38 | 40 | 36 | 38 | 35 | 37 | 34 | 36 
Water, \uvregate 
wal. per 
Cu. Yad. of Rounded Coarse 
Conerete \yvregate 36 |-38 134.5136.5) 33 | 35 | 32 | 34 ol 33 
2000 1.6) 4.9) 4.4) 4.6) 4.2] 4.4] 4.1) 4.3) 4.0] 4,2 
2500 Sacks of 5.0) 5.3) 4.8] 5.0) 4.6) 4.8) 4.41 4.6) 4.3) 4.5 
28 Day SOOO Cement 5.5) 5.8) 5.2) 5.5) 4.9) 5.2) 4.8) 5.1) 4.7) 4.9 
Compressive 3500 per cu. yd 6.0) 6.3) 5.7) 6.0) 5.4) 5.7) 5.2] 6.5) 6.1) 8.4 
Strength 1000 of 6.5) 6.8) 6.1) 6.5) 5.8) 6.1] 5.7) 6.0) 5.5) 6.8 
1500 Conerete 7.1) 7.4] 6.7) 7.1) 6.3] 6.7) 6.2) 6.5) 6.0) 6.3 
hOOO 7.7) 8.1) 7.3) 7.7) 6.9) 7.3] 6.8] 7.1] 6.5) 6.9 
Note: The 28-day compressive strengths shown are the minimum values to be expected 


and should be used for design purposes, Laboratory specimens cured under ideal 
conditions will generally have higher strength 
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Messrs. Protze, Park and Ball suggest that para. 1, p. 18 be rewritten 
for emphasis on the importance of selecting the source of aggregate with 
respect to inherent strength and soundness where weather exposure of 
the concrete is expected, and add that aggregate from the chosen source 
should also be clean and well graded. 


INSPECTION AND TESTING OF MATERIALS Manual, p. 21-46 


Mr. Protze and associates suggest (p. 21, para. 2) that the five types of 
cement should be tabulated by name and the specific use of each briefly 
described. Physical and chemical limits of specifications (150-41 should 
be given either in tabular form for all types or at least in paragraph 
form for the Type I cement described. A short explanation of the 
purpose of each test should be given so that the inspector will have better 
elementary appreciation of the material he is using. 

They would add to para, 3, p. 21 “Color of cement received should be 
compared with a standard color sample (previously obtained from the 
accepted bin) particularly at batching plants where more than one 
brand is in use at a time. This will help assure the use of the correct 
cement and prevent undesirable changes in the color of the conerete in 
the structure.”’ 

Mr. Julian (who asks for references to some of the specification re- 
quirements more stringent than those mentioned) suggests (p. 21): 
According to a “Report of Special Subcommittee of Committee C-L on 
Cement,” A, 8S. T. M. Bulletin Jan. 1940, p. 39, type 1 cement should 
not be used on other than minor and unimportant work, where superior 
weather resistance, low heat of hydration, ete, are not required. Also 
the autoclave volume change is often restricted to 0.15 per cent instead 
of the 0.50 per cent given in the A. S. T. M. specifications © 150.” 
Sampling and testing (cement), p. 21 

Mr. Protze suggests several text revisions (on p. 22): in line 38, “Usually 
one sample is taken from each car or for each 400 bbl... .; end of para, | 
“In identifying the cement sampled, the following items should also 
be included: name of project, cement car number, inspector’s name; 
para, 2, line 1: “If the cement as received is excessively hot (over 125 F.), 
the cause... 7’; para. 3, line 6: “the materials or conerete, by adding the 
hot water directly to the cement before it reaches the aggregates, or by 
the use of an accelerating admixture such as caleium chloride; para. 4, 
line 2: “or due to an undesirable chemical reaction between certain 
combinations of a cement and given admixtures,” 

Batching (cement), p. 23 


The same discussion would rewrite the first part para. 4, p. 24: “Bulk 
cement should only be batched by weight, usually within a specified 
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tolerance of 1 per cent; volume measurement should never be allowed 
due to extreme variations in bulking under varying conditions of mois- 


” 


ture, fineness, compaction, ete. The inspection of weighing . . 

Mr. Crum: The Manual (p. 24, para. 2) prescribes that the salvage 
from bags should either be batched with a relatively large proportion of 
fresh cement or should be used in unimportant work. If, as implied 
here, this cement is inferior in quality there might be a question as to 
whether its use should be recommended at all. Some years ago after a 
thorough series of, tests | came to the conclusion that, if reclaimed 
cement when properly sampled passed the requirement of the standard 
tests, there was no reason for discrimination against its use. 
Specifications (aggregates), p. 24 

Mr. Julian (again for reference to more rigid specifications) mentions: 
“The Joint Committee requirement that the fineness modulus of a ship- 
ment of fine aggregate shall not vary more than 0.20 either way from the 
fineness modulus of a preliminary sample. It should be noted that the 
Joint Committee’s Recommended Practice advocates more stringent re- 
quirements on the gradation of aggregate than is given in their Specifi- 
cations and that the U.S. Bureau of Reclamation (Conerete Manual, 
2nd dition, p. 22) advocates a corresponding variation in the fineness 
modulus of but 0.10, 


“In many cases it is desirable to use several sizes each of small and 
large aggregates, which are later combined in the mix to give more nearly 
ideal gradation, This point, although mentioned, does not appear to 
be sufficiently emphasized,” 


Mr. Crum: I had it in mind to suggest that in the sections on tests of 
aggregates (p. 24) and tests of conerete (p. 84) more attention be given 
to presentation of the significance of the various tests. But | realize that 
this would take a large amount of space and probably it is beyond the 
scope of a Manual anyway. Nevertheless knowledge of the significance 
of the operations he conducts and superintends is so important to a 
competent inspector that it might be well even in a Manual to take 
advantage of whatever opportunities are offered to introduce such 
material when it can be done Lriefly with telling effect. 

Sampling (aggregates), p. 25 


(p. 25): It is recommended, when samples are taken from conveyor 
belts that the conveyor be stopped, The inspector will often find that 
this procedure is impracticable without considerable inconvenience to 
the plant and resulting friction with the operator, LT have nothing better 
to offer but suggest the desirability of research to devise an adequate 
method of sampling from moving belts, 
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Mr. Protze suggests rewriting para. 6: “If the sample is taken from a 
conveyor belt, the conveyor should be stopped;. the entire cross-section 
of the stream should be taken at each time of securing material. Samples 
for analysis should be taken from more than one location to check both 
the uniformity and average quality of material. If the sample is to be 
taken from the discharge of a bin at least several cubic feet of the 
material should be withdrawn. Preferably samples should be taken while 
discharging several tons of material, obtaining typical samples at begin- 
ning, center, and end of discharge for purpose of checking uniformity as 
above. The gate should be closed each time a representative sample is 
selected from the static discharged material. Samples from cars ‘ag 

—and adding to line 4, p. 26: ‘The latter method allows analytical 
blending by trial and error without requiring further lengthy testing.”’ 

—and changing line 2, para. 3, p. 27: “. . . (such as founc adhering 
to sugar, fertilizer or bean sacks) may cause - 

Principal tests (aggregates), p. 27 

—and rewriting para. 4: ‘Principally, concrete inspection wi'l 
concerned with three general types of tests for aggregates: ((1) in't'a, 
laboratory acceptance tests for suitability as to gradation, cleanlinesy 
(silt and organic impurities), strength, soundness or durability, and some- 
times toughness, wear resistance, foreign substances, and composition; 
(2) secondary laboratory tests on approved samples to determine physical 
properties used in mix design, such as weight dry loose, weight dry 
rodded, weight damp loose, bulking, specific gravity, voids, and absorp- 
tion; (3) field tests for secondary acceptance or control such as gradation, 
cleanliness (principally organic matter) and moisture content. The sig- 
nificance of the various tests on aggregates is discussed in detail in 
Reference 4.” 

Sieve analysis (aggregates), p. 27 

—p. 27, para. 6, line 8, add: “. . . mesh in inches of the largest 
sieve required. For expedition in field checking this quantity may be 
reduced if the proper care is exercised. Usually a ; 

—p. 28, para. 2, line 6, add: ‘‘nor should slugs be used as sieving aids. 
Sieves should be maintained clean by the use of a good quality bristle 
brush.”” and in para. 3, add to last line: “sample accepted by the labora- 
tory as representative of the material to be provided.” 

Of Table 2 he comments: The mechanics of the typical computa- 
tions could be made clearer by replacing the footnote with two more 
columns in the table itself which would show the intermediate steps of 
“0.40 x % sand”’ and ‘0.60 x % C.A.’’ summing up to produce the com- 
bined gradation illustrated. The arithmetic should also then be applied 
to the F.M. as a check, and so noted. 
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—and would revise p. 29, para. 2, line 4: “. . . not be given toa 
single test derived from stockpiled material or from tests on other aggre- 
gates made at the source of supply. These sieve analyses should be 
considered with such other analyses as are available in order to obtain a 
picture of the general characteristics of the material upon which to 
base allowable tolerances. Once a given aggregate (size, gradation, etc.) 
is selected for use, it is essential that the material available for the con- 
crete at the mixer be uniform and unvarying within the established 
tolerances; and in para. 3, line 6, add; “One test should be made for 
at least every 100 cu. yds. of concrete shipped; and after para. 3: To 
make the Manual more valuable as a general reference and for purpose 
of educating the average inspector, Sections 208-S and 215-S of the Joint 
Committee Report should be presented here giving suggested gradations 
for fine and coarse aggregate. 


Tests for organic impurities in sand, p. 31 


After para. 3, p. 31: For reasons above, quote Joint Committee 
teport Sections 210-S and 216-S on Deleterious Substances. 
| 


On p. 31 several suggested amplifications: add para. 4, line 4: “. 
.; it will seldom be found in properly washed sand, but may still be 
present if dirty water was used in washing or if insufficient wash 
water was used as is often the case in winter, and in dry seasons.”” Add 
para. 5, line 9: “ at about 4 hours; this anticipation of ultimate 
color should only be used with known sands on which calibration tests 
have been made. The color ” Add, after para. 5: ‘‘Although 

‘vel has a much smaller surface area than sand, and is inherently 
e:  r to wash clean, this material is also found to contain excessive 
org. ¢ content in any localities, particularly with the smaller gravels. 
Sin nerete normally contains more gravel than sand, the effect of a 
giver. org vnic content in gravel, as indicated by color, may be greater 
than wii sand. Experience indicates that the use of coarse aggregate 
producing colorimetric solution darker than a light yellow is dangerous 
to concrets _ rength.’’ Rewrite para. 6, line 2: ‘‘The colorimetric test 
should be ms — each time a sieve analysis is conducted, and at least once 
daily. Addiiw »al determinations should be made if the amount of 
organic matter . ear the permissible limit, or if the supply is changed, 
or at any other tin’ when it is suspected that the organic content may be 
dangerous,—the lati -r to anticipate and, if possible, prevent subsequent 
slow hardening of th concrete.’’ (Note that the writers have found 
variable organic cont. +t in aggregates one of the important causes of 
erraticity in concrete st. »ngths on the job, and believe much more atten- 
tion should be paid to t. is factor than is normally done. Such troubles 
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are particularly prevalent today where the “rush for defense’’ is too 
often used as an excuse for improper processing. ) 


Tests for moisture and absorption (aggregates), p. 32 


P. 32, rewrite para 1, item 2: “If measurement of the aggregates is by 
weight to determine the necessary adjustments in weight to secure uni- 
form quantities of equivalent dry aggregates in the batches.” 

P. 33: add to para. 3, line 3: ‘The tests should preferably be made 
in the laboratory with a precision ” Rewrite para. 4, line 4: 
“For given types of aggregate, the value is often assumed on small jobs 
(Reference 3) but should be accurately determined where careful con- 
trol is desired.”’ P. 34, add to para. 1, line 1: “. . . present; if the 
sand gradation is excessively coarse the test is of negative benefit. At 
the point ” Add to para. 4: ‘‘The engineer should in time become 
familiar enough with aggregates from a given source to make estimates 
of moisture contents (between occasional tests) accurate to 0.5 per cent.” 


Tests for specific gravity (aggregates), p. 34 


Add para. 5: “. . . perhaps once each week to determine trends, 
due to changes in the pit, ete.’ P. 35, add para. 1: 

r a . S 

“The bulk saturated surface dry Specific Gravity 5_7) 


The bulk oven dry Specific Gravity 
where S = saturated surface dry weight of sample, 


I = immersed weight of sample, 
D = oven dry weight of sample.” 


Add p. 35, last line: ‘‘briefly in References 4 and 9.” P. 36, revise 
para. 1: ‘For use with saturated surface dry aggregates, the specific 
gravity should be based on the surface dry condition; for materials which 
are to be batched in the oven dry state, the specific gravity should be 
based on the oven dry condition. For aggregates containing other than 
these two quantities of moisture, the aggregate weight should be expressed 
in terms of one of these given conditions (plus excess water) and the 
corresponding specific gravity employed. Engineers in different parts 
of the country usually prefer to express basic aggregate weights in one 
or the other of these two manners.” 


Tests for unit weight (aggregates), p. 36 oem 


P. 37, add para. 3, line 4: “. . . surface dry or oven dry depending 
on which method of mix computation is employed.” Revise para. 4, 
line 1: “The unit weight of dry loose or damp loose aggregate is deter- 


mined ” Add para, 6, line 5: ‘content is made, or the information 
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may be obtained from a previously constructed plot deriving from trial 
t’ .s on the given material at varying moistures.”’ 
orage and handling (aggregates), p. 39 
P. 39, add para. 4, line 2: ‘Many specifications define this period as 
24 hours minimum, but longer periods (approximately 1 week) are desir- 


able.”’ 


Devices for batching 


Change para. 5, line 2: The 2 per cent tolerance should be deleted at 
present date as being too inaccurate. 


P. 42, add para. 1, line 3: “. . . . in accuracy, damage, or sticking 
materials.”” Add para. 3, line 2: “. . . in Fig. 19. The weighing bin 
should be built so that the inspector has easy view of and access to the 
materials for inspection and sampling. The practice of overrunning bins 
of one material into another should not be tolerated. Discharge gates 
into the mixer should be of such construction that materials can be 
instantly held back if desired.”’ P. 43, para. 3, last line: ‘‘volume, as the 
hopper may bulge when filled, and because the effective bulking depends 
upon the manner or force of charging as affected by the quantity of 
aggregate being measured.”’ Add para. 5, last line: “‘. . . of known 
volume. Charging of containers should be uniform; volume batching by 
shovel alone should never be allowed.”’ 


Batching (aggregates), p. 43 

P. 43, add para. 6, last line: ‘*. . . and surface dry. As explained 
above under ‘Specific Gravity’ one basic method of batch computation 
should be used throughout to maintain rationality.” 


P. 44, para. 1, line 3: “In any event, the weight or volume of aggre- 
gate employed should carry into the mix an amount (plus water) equiva- 
lent to the basic weight specified by the specific proportions given.” 


Water, p. 44 


Para. 3, line 4: ‘‘Water of doubtful quality should be submitted for 
laboratory analysis or test: specimens of concrete or mortar (A.S.T.M. 
C87) containing the water should be tested for comparative strength (or 
durability if time is available) with respect to companion specimens made 
using distilled water. Potable water is usually satisfactory for use in 
concrete.” 

Mr. Crum: More information concerning the factors that influence 
the accuracy of water measurement (p. 45) and design of equipment to 
assure accuracy would be desirable. On many operations the amount of 

rater for the batch need not be left to the discretion of the inspector and 
mixer operator. With frequent aggregate moisture determinations under 
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well controlled conditions — ,ay the water to be added to the batch 
to maintain unif¢ tency as well as uniform water-cement ratio 
cr~ 1 vhnite as the amounts of cement and aggregates. In 


Suc. « case accurate water measurement is essential. One important 
feature of design is to make the measurement independent of variations 
in the pressure on the water supply line which causes difficulty on many 
installations. One way to obviate this trouble is by a simple arrange- 
ment of two tanks instead of one. 


Mr. Protze: p. 46, add to line 2: “to incorporate this water. Pro- 
miscuous additions of water to the job-or-transit-mixer by the job per- 
sonnel for sole supposed purpose of increasing the placeability of already 
adequately workable concrete must not be tolerated, particularly if the 
employed water-cement ratio is at or near the maximum allowable 
figure. For this reason, when concrete is proportioned by a control 
engineer at a central mixing or batching plant, the agitator or mixer 
trucks should not be allowed to carry additional water in their reserve 
tanks. Note that the addition of “just a pail’ of water to a 4 cu. yd. 
load of average concrete will increase the W/C ratio approximately 0.15 
gal./sack or decrease the 28 day compressive strength as much as 150 
lb. per sq. in.” Add to para. 2, last line: “. . . to the batch, to assure 
its more uniform distribution and prevention of flash setting, reduced 
durability, ete., which might be caused by excessive concentrations at 
certain points within a batch of concrete.” 


PROPORTIONING—Manual p. 47-52 


Mr. Crum: This same discussion (referring to “Water” p. 45) applies 
to the topics of “Proportioning” on page 47 and “Control of Consis- 
tency” on page 65. When it is practicable to keep close track of the 
moisture in the aggregates as they go to the batcher there is no reason 
why the water measuring device cannot be set to deliver the amount of 
water required for each batch or group of batches. 


With volumetric measurement there is probably no efficacy in such 
close control of water measurement but with the more accurate measure- 
ment by weight now generally in vogue greater expenditure for testing 
and inspection is justifiable on large work. 

Close control of the batching of all four ingredients with a minimum of 
field adjustments not only provides uniform consistency, but also makes 
possible close predetermination of quantities of materials per unit of 
volume. If contract assurance can be given that the more expensive 
materials, particularly cement, will not vary more than a small percentage 
from the estimates considerable economy in bid prices will ensue under 


competitive conditions. Such minor adjustments as are necessary may 
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be made in the less expensive ingredients. By means of close batching 
of all materials paving contracts guaranteeing the use of not more than 
one per cent of cement in excess of the estimated amounts are being 
satisfactorily administered on a large scale. 

Although such considerations are more in the province of the specifica- 
tion writer than of the inspector, inspection is better for understanding 
of the reasons back of the requirements. 


Mr. Thomson: This chapter discusses the application of three common 
methods of specifying quality of concrete, namely by fixed proportions, 
by cement content, or by water-cement ratio. In view of the growing 
practice of specifying the desired quality of concrete by strength, it would 
appear desirable to include some discussion of methods of designing 
mixes to meet such a requirement. 


Mr Protze: In reviewing the Manual for the purpose of discussion 
relative to “Concrete Control” the writers questioned whether or not the 
chapter on “Proportioning” should also be dealt with, but since this 
aspect of concrete technology forms a background for control, the follow- 
ing comments are presented: 


P. 47, add line 1: “The principles of proportioning in the sense of 
mix design are discussed on page 16; the mechanies of correct propor- 
tioning is a laboratory job and/or involves analytical computation based 
upon laboratory background and acquaintance with the specific materials. 
The following discussion ” Rewrite para. 4: “Specifications 
usually state the governing proportions or limiting quantities of materials 
but may require instead or in addition that the concrete develop a fixed 
strength. In any case a limiting range of consistency is stated or implied.”’ 


Rewrite para. 6, line 3: “. . . and the maximum water-cement 
ratio are being used, the cement and water contents are increased in the 
given allowable proportion to provide desired slump; the yield is then 
correspondingly corrected by removal of equivalent quantities of sand 
and gravel,” 

Method of fixed proportions, p. 48 

P. 48, rewrite para, 1, 2: “If the specifications require that the mix 
shall consist of fixed proportions (by weight or volume) of cement, fine 
aggregate and coarse aggregate (regardless of contained moisture) the 
water content must be adjusted from batch to batch as necessary to 
secure concrete of the desired consistency. This depends on the mixer- 
man’s judgment to secure uniform consistency, and then the quality 
(strength, ete.) of the concrete varies with variations in water content. 
If the aggregates were fairly uniform, which they generally are not, such 
variations would not be of great consequence. 
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“The proportions may be expressed in terms of weight, overall (loose 
or compacted) volume, or solid (particle) volume. The units should be 
clearly stated; there is considerable difference between a given propor- 
tion by weight and the same proportion by volume. Further it should be 
clear whether the proportions are based on dry (oven dry or saturated 
surface dry) or damp aggregates, and—for measurements by volume 
on loose or compact aggregates. Often used bases for proportions are in 
terms of weight, of overall volume of dry loose or dry compacted aggre- 
gates, or of solid volume. Generally the latter is least employed and pro- 
portions designate or imply basic dry aggregates from which corrections 
can be made for changes in weight or volume due to contained moisture. 
On the other hand, as described above, fixed proportions of aggregate in 
terms of damp volumes results in variations due to moisture changes 
affecting both bulking and water carried into the mix.” 

Water-cement ratio method, p. 49 

P. 50, add new paragraph after para. 3: ‘The theory of water-cement 
ratio (as affecting strength durability, ete.) of course applies to all cases 
of proportioning: i. e. the more water used per unit of cenyent, all other 
things being equal, the weaker the mix. Where methods No. 2 and No. 3 
are combined, only seldom does the use of the maximum water-cement 
ratio and the minimum cement content produce the desired consistency. 
If the slump is too great, the cement content must then be maintained, 
the water reduced, and the yield correspondingly corrected by additions 
of equivalent volumes of aggregate. This condition results in an uneco- 
nomical mixture. If the slump is deficient, both the cement content and 
the water content must be increased, as previously explained.” 

Rewrite footnote p. 50: ‘*For aggregate, as described previously, the 
specific gravity, and weight per unit volume should be rational: based 
either on the particles in a saturated surface-dry or oven-dry condition 
depending upon practice common to a particular locality.” 

Yield; estimating quantities, p. 51 

Mr. Thomson: In the example given (p. 52) for computing the cement 
content of a fixed proportion mix, the use of the same weight per cubic 
foot for sand and coarse aggregate as for cement, namely 94 lb., is con- 
fusing, as usually sand and coarse aggregate will not have the same unit 
weights, and neither will be the same as for cement. Also in this example, 
the objective of designing concrete for a given weight is unusual, as 
commonly the unit weight of concrete would be that resulting from the 
specified quantities of materials used. 

Mr. Protze and associates suggest a considerable addition after the end 
of the present consideration of proportioning (p. 52): ‘The above 
method of finding yield is used mainly in the field as an approximate 
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check on the actual delivered yield of a selected mixed batch of concrete. 
As indicated, this method requires weighing a unit volume of typical 
concrete and calculating the total yield. Another method slightly less 
subject to error involves the actual measurement of an entire batch of 
concrete in an accurately calibrated box, making the necessary correc- 
tions for temperature, ete. 

“Mix computation: For computing the quantities of materials required 
to produce a cubie yard of concrete, the method of yield computation is 
also employed, Herein the sum of the absolute volumes of the constitu- 
ent materials is essentially equal to the total volume of wet concrete 
produced. 


“The method requires previous laboratory analysis of the constituent 
materials for physical properties and constants. Secondly, the method 
requires a laboratory (or field) trial mix using these materials to indicate: 

“1. necessary water-cement ratio to satisfy specifications, slump 
and/or strength; 

“2. necessary cement-factor (or proportions) to satisfy specifications 
and/or slump (in conjunction with W/C ratio); 

“3. necessary fine to coarse aggregate ratio to produce optimum work- 
ability and/or other qualities. 

“In the absence of actual trial mixtures, previous experience with the 
given materials may serve as a guide in selecting sensible and workable 
values for the factors noted, but it must be remembered that analytical 
calculation in itself will not assure a rational mix: an actual trial batch 
must sometime be made to assure correct selection of all factors in the 
optimum mix, 

Example: Find the quantities required to produce one cubic yard of concrete to 
satisfy the following requirements: 

Actual W/C ratio 6.0 gal. per sack; 

actual cement factor 6.5 sacks per cu. yd.; 


l 
optimum ratio of fine to coarse aggregate by dry loose volumes: saan, 
.40 
*Optimum fine to course aggregate ratios will normally be obtained in the laboratory by trial and will 
usually be found to be near the following. Siiailar tabulations may be expressed in terms of weight or 
compacted volumes if desired. 


Concrete Fine to Coarse Aggregate Ratios by Dry Volumes 
Proportions 
in Dry GRAVEI 
Loose Uncom Pea Stone Crushed Stone 
bined Volumes 44° 114” 
l 3 Special l 1.8 l 1.85 1 1.6 
l 4.5 l 1.75 l 1.8 l 1.55 
l 6 l l l 1.7 1 1.75 l 1.5 
1 7.5 Seldom 1 1.6 l 1.65 l ~ 1.45 
l 0 Used l 1.5 1 1.55 l 1.4 


“The following aggregate properties have been previously determined: 
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Fine Coarse 
Aggregate Aggregate 
Weight saturated surface dry loose, lb. /cu. ft. 105 95 
Specific Gravity (saturated surface dry) 2.65 2.66 
Absorption, per cent 0.7 1.0 
Solution 
Yield of one sack of cement, 94 Tm 
a = 0.478 cu. ft. 
3.15 x 62.4 
Yield of 6.0 gal. water 6 
—— = 0.800 “ “ 
7.5 —— 
Total of above Las 


Necessary yield per sack of cement 27 
vik rare = 4.154 “ “ 


6.5 
Yield of cement and water above = 1.278 “ * 
Necessary yield of aggregates per sack ct. = 2876 “. “ 


Let X = no. of cu. ft. of fine aggregate (dry loose volumes) per 
sack of cement in final mixture. Then 1.75X is number of cu. ft. 
of coarse aggregate. 


Yield of X cu. ft. of sand X . 105 = 0.635X cu. ft. 
2.65 . 62.4 
Yield of 1.75X cu. ft. of Gravel 1.75X .95 = 1.000X “ “ 
2.66 . 62.4 enema 
Total yield of sand and gravel per sack = 1.635X “ “ 
Thus 1.635X = 2.876 
X = 1.76 


1.75X = 3.08 
Proportions = 1—1.76—3.08 by saturated surface dry loose volumes. 


Quantities per cubic yard: 
Cement 6.5x 94x1 = 611 lb. 
Sand 6.5 x 105 x 1.76 1200 lb. 
Gravel 65x 95x 3.08 1900 lb. 
Water 65x 6.0 39.0 gal. 


ll 


“The above quantities derive from the use of materials properties for 
aggregates in the saturated-surface dry state. The final given weights 
are for aggregates in the same state. Should the aggregates dry out to the 
oven dry condition the final weights would have to be reduced a corres- 
ponding amount and the total water increased to allow for this consequent 
absorption as follows: 


Absorption by sand 0.007 x 1200 lb. = 8.4 |b. 
Absorption by gravel 0.010 x 1900 lb. = 19.0 lb. 
Total absorbed water 27.4 lb. = 3.3 gal. 
Total water to batch 39.0 + 3.3 = 42.3 gal. 


“The mix could have been directly and similarly computed for oven 
dry aggregates, being given properties for the materials in that same 


state. Mix computation in terms of dry rodded volumes, would be 


’ 
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similar to the above except that materials unit volumes and proportions 
would be expressed in those same terms. Corrections for contained mois- 
ture over the saturated-surface dry state for any case will be shown later 
under ‘‘Concrete Control.” 


‘““Mix computation for the cases of fixed proportions by volume are 
less involved than the example illustrated: no unknown ‘X”’’ need be 
assumed and the yield for each constituent may be computed directly, 
the total of all constituents obtained, and the cement factor computed, 
after which the quantities per cubic yard may be computed as above. If 
the quantities are to be batched by volume instead of weight (this is true 
for any method of proportioning) the corresponding volumes can be calcu- 
lated from the total weights, and specific weights per unit volume. 


“If the proportions or optimum fine to coarse aggregate ratios are 
expressed in terms of weight all calculations for mix quantities become 
obviously simpler than in the most difficult case shown above.” 


INSPECTION BEFORE CONCRETING—Manual p. 53-61 


H. G. Farmer*: ‘The statement (p. 56, last paragraph, first sentence, ) 
“Form ties and spacers should be of such type that no metal will be left 
near an exposed surface, and should be heavy enough not to bend if 
workmen climb on them,” does not necessarily apply in all cases as 
there are some types of work which permit the use of lighter form ties 
and spacers. Possibly the latter part of this sentence could be modified 
so as not to place all form ties and spacers in the same category. 

Mr. Waugh: Illustrations of lack of specific details are found on 
pages 59, 60 and 61. On page 59 allusion is made to ‘minimum clear 
distance between parallel bars to develop bond” (last paragraph) and 
the reader is directed to Reference 5 for recommended values; on page 60, 
to support for horizontal bars, and Reference 8 is cited for specific recom- 
mendations; and, on page 61, to size of permissible opening with direction 
to Reference 53 for recommendations. Other instances of this type of 
treatment may be found throughout the Manual. 


INSPECTION OF CONCRETING—Manual p. 62-79 


Mr. Protze and associates would change the chapter title to ‘“Inspec- 
tion and Control of Concreting”’ and beginning with para. 1 make the 
text: ‘The essential requirements for satisfactory concreting are as 
follows: 


1. The concrete should be uniform and satisfy the specification and 
job requirements as to workability, water-cement ratio, and quality. 


*Universal-Atlas Cement Co., New York. 
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2. The equivalent basic quantities of materials for a given mix should 
be uniform from batch to batch. It follows that the materials themselves 
should be uniform and of satisfactory quality. 


” 


3. The mixing Add to beginning of para. 2: ‘The principles 
of concrete control in the sense of selection and proportioning of materials, 
and the mechanics of inspection and testing of materials have been pre- 
viously discussed. Recommended practice with regard to batching, 
mixing .. 


” 


Batching of materials 

Rewrite para. 5: ‘The essential requirement for proper batching is 
that the required proportions of desirable materials be obtained uniformly 
from batch to batch, regardless of fluctuations in the supply. In other 
words if two sizes of coarse aggregate are being combined to produce a 
composite gradation equivalent..to a well graded 1” gravel, the resulting 
gradation must be maintained reasonably uniform by varying the relative 
proportions of the two materials to compensate for fluctuations in the 
individual gradations. For simplicity, of course, these fluctuations should 
be kept as low as possible. Batching is 
Mixing, p. 63 

P. 63, delete para. 3, since these data will be included later. 

Add to para. 6, line 6: ‘‘The water line should be so located that the 
flow of water will not retard the charging of the mixer. In winter when 
hot water is used, water over 140 F should not strike the cement directly.”’ 


Mr. Julian points out, in reference to the one minute mixing time 
(p. 63) that “many specifications (example U. 8. Navy Department 
Specification No.13 Ye, Oct. 1935) require at least 14% minutes of mixing 
time for small mixers and proportionately longer for larger mixers; these 
times are believed to be none too long. 

Mr. Protze would (p. 65) add to line 3: ‘‘because there is some grinding 
action during mixing particularly with soft aggregates.” 

Control of consistency, p. 65 


Mr. Crum’s comments on ‘proportioning’ (Manual p. 45) are made 
applicable here also. 

Mr. Protze would change the last sentence p. 66, para. 1: “If it does 
not, the mix should be adjusted as described below.’’ He would add to 
para, 2, line 6: “. to considerable variation particularly if impro- 
perly and non-uniformly made.’”’ He would delete from p. 67, para. 1, 
the last part of sentence after semi-colon, since such a procedure would 
decrease the yield and is then not permissible where concrete is being sold 
by the cu. yd. Revise para. 2, line 6: “wind, unanticipated high absorp- 
tion of mixing water by aggregates, high temperature of one or more of 
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the ingredients, the unknown presence of an accelerator such as calcium 
chloride which is sometimes secretly used in bins, trucks or belts to 
prevent freezing, or in rare cases to the characteristics of the cement. 
Change in slump due to the use of high early strength cement in summer- 
time, or in the winter with excessively hot water, should be anticipated. 
Concrete that has become so stiff ” And insert after para. 2: 
“Control of Mixtures. In addition to the general responsibilities already 
described for the concrete inspector on the average project, the essential 
duties of a “control engineer’ include all such additional supervision of 
proportioning, measuring, and mixing of concrete to assure the production 
of an end product which fully satisfies the established requirements for 
the concrete and its constituents. Rigid control does not assure a perfect 
end product, but goes much further in this direction than does the so-called 
mix inspection which consists mainly of checking the cement content, 
keeping records, and issuing certificates. Furthermore, rigid control 
often pays for itself by the savings realized due to reduced allowable 
cement contents, more uniform and higher strengths, greater ease and 
economy of placing. 

“Control is applicable to all methods of concrete proportioning and 
batching. In general the control engineer will have available (from the 
laboratory trial mix or from an analytical design) a basic mix to be 
employed on the work. The allowable tolerances in slump, water-cement 
ratio, cement factor, etc., will be known and the basic (saturated surface 
dry, oven dry, or equivalent) quantities per cubie yard will be given. 
The essential properties of the materials will be known, and the require- 
ments for gradation, cleanness, etc. of the selected materials established. 

“Tt is the duty of the control engineer previous to the start of the work 
and at intervals during each day, to make tests for gradation and organic 
content of the aggregates to check their suitability for use, and to aid 
in their proper proportioning to maintain uniform quantities of the basic 
materials in the mix. At these same periods, tests for moisture content 
should also be made so that the basic quantities (weights or volumes) 
may be corrected for these values. A good engineer will soon become 
proficient in estimating moisture content and adequacy of gradation 
between times of actual tests so that minor corrections for maintenance 
of slump and workability may be quickly applied when necessary. If a 


change in consistency is desired the mix should be redesigned or a “‘rule- 
of-thumb” adjustment applied, and the mix correspondingly corrected 


for yield. The following example will illustrate the points mentioned: 


Given the following data on aggregates 


Sand 1” Gravel 
Weight saturated surface dry loose, lb. /cu. ft. 105 95 
Specific Gravity (Saturated surface dry) 2.65 2.66 
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Absorption, percent 0.7 1.0 
Required gradation ASTM ASTM 
Required fineness modulus 2.80 = 0.20 7.00 + 0.20 


Given the following data on mixtures 


Class Concrete Class A 
Proportions, saturated surface dry loose volumes 1 —1.76 —3.08 
Minimum allowable cement 6.5 sx/c.y. 
Maximum water-cement ratio 6.0 gal. /sack 
ete ee LN) Ol oe ulelbldgends e 
Saturated surface dry quantities per cu. yd. 

Cement, lb. 611 

Sand, lb. 1200 

Gravel, lb. 1900 


Water, gal. 39.0 


Problem: to maintain rigid control of mix under normal job conditions: 
Start of day: 
Grading of sand satisfactory; F. M. satisfactory 
Grading of gravel satisfactory; F. M. satisfactory 
Organic content of sand and gravel satisfactory 
The actual data for the above should be shown as a record. 
Moisture contents of aggregates (by test): 


Sand Gravel 
Wet weight of sample, gms. 1000 1000 
Oven dry weight 941 980 
Equivalent sat. surf. dry wt. 948 990 
Free water, grams 52 10 
Free water, per cent* 5% 1.0 


Computation of batch quantities: 


Given Free “ 
Saturated x Free : Water Saturated \ Moisture Quantities 
Surf. Dry . Moisture : Carried ° Surf. Dry Correc- to Batch 
Weights Content into Mix Weights tion 


Cement 611 611 611 Ib. 
Sand 1200 xX 514% 66 Ib. 1200 ! 66 1265 lb. 
Gravel 1900 x 1% 19 lb. 1900 : 19 1920 lb. 
Water 39.0 8l4 ) 85 Ib 39.0 - 10.2 28.8 gal 


10.2 gal. 





*Moisture contents of fine and coarse aggregate should be expressed to the nearest 14 per cent since such 
accuracy indicates significance of tests, and moistures can be estimated to this degree. 


“Assume the above batch quantities produce a workable mix of the 
desired slump of 4 in. After a time let us say the moisture in the sand 
changes to 4.0 per cent as evidenced both by the estimated drier ‘“‘feel”’ 
and appearance of the sand and the drying up of the mix. An estimate 
of gravel moisture is still 1.0 per cent. The aggregate gradings remain 
essentially satisfactory as before. The mix should be recomputed on the 
above basis; this would give us batch quantities: 

Cement 611 lb. 
Sand 1250 |b. 
Gravel 1920 lb. 
Water 31.0 gal. 

“This computation might have been more quickly made as follows: 

change in moisture equals 1144 per cent of 1200 lb. = 18 lb. = 2.2 gal. 














ACI MANUAL OF CONCRETE INSPECTION 571 


1265 lb. — 18 lb. = 1250 lb. 
28.8 gal. + 2.2 gal. = 31.0 gal. 


In such a correction for change in moisture a change in water content of 
a mix by 10 gal. of water requires a corresponding change in weight of 
batched aggregates of 83 lb. 

“Assume now that the moisture contents of the materials remain 
constant but it is desired to reduce the slump to 2 in. Apply the follow- 
ing rule: 

Each 1 in. change in slump (all other things being equal) is approximately 


equivalent to a change of water-cement ratio of 14 to 14 gal./sack in the same 
direction. * 


A 2 in. change in slump would require approximately 14 to 24 gal./sack 
less water, or a new water-cement ratio of approximately 5.5 gal./sack, 
the cement factor remaining the same, as specified. A new basic dry mix 
could be recomputed as before using these cement factors and water- 
cement ratios; until time permitted such refinement, the change in the 
basie mix could be instituted by rule of thumb as follows: 


To give an absolute volume of one cubic foot, is required 


7.5 gal. of water, 
or 165 lbs. of aggregate at specific gravity approximately 2.65 . (2.65 x 62.4 
165). Stated more simply: 10 gallons of water has the same volume as 
220 Ibs. of average aggregate. This is applicable in a correction for yield. 
New water content of dry mix = 39.0 gal. — (14 gal./sack) (6.5 sacks /yd.) 
=39.0 — 3.3 = 35.7 gal./cu. yd. 

Add aggregates to compensate for yield: ; 
3.3 x 220 = 73 lb. New basic dry mix approximately: 
10 

Cement 611 Ib. = 611 lb. 
Sand 1200 + 33) = 1235 lb. 
Gravel 1900 + 40 = 1940 lb. 
Water 39.0 — 3.3 = 35.7 gal. 


Adjustments for moisture should now be applied as before. 

“A similar approach would normally be used for a desired increase in 
slump. In this case, however, the W/C ratio could not be exceeded, and 
the cement factor would also have to be increased above the minimum 
to allow the use of more water. In such a case the complete recomputa- 
tion of mix is desirable for simplicity. Sometimes it is permissible to 
reduce the cement factor and maintain the W/C ratio to reduce the slump. 

“Let us assume we now have returned to the original mix and the 
aggregates are still graded within the allowable tolerances but have so 
changed in gradation or particle shape to make the mix somewhat harsh. 


*See also Reference 9. 
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The sand and gravel quantities may be adjusted to correct this condition 
providing the other requirements of W/C ratio, ete., are not negated.* 





Condition of Aggregate Gradation 


Change in Quantity per C.Y. 

















Sand Coarse Agg. Sand Coarse Agg. 
Normal Normal | As designed As designed 
Coarse Normal Add 50 Ib. Deduct 50 lb. 
Fine Normal Deduct 50 Ib. Add 50 Ib. 
Normal Coarse but well graded No change No change 
Normal Coarse (Harsh) Add 50 lb. Deduct 50 lb. 
Normal Fine Add 50 lb. Deduct 50 lb. 





Should either or both aggregates have gradations, fineness moduli, or 
organic contents outside the allowable limits of the specifications, the 
aggregates should be rejected, the bins cleared, and desirable material 
made available. At times, for job expedition, the engineer may permit 
the use of such undesirable material if he feels that the addition of extra 
cement will more than compensate for the use of the inferior stock. The 
use of such cement penalties (approximately 10 per cent of the original 
cement content of the mix) shall. not be used in lieu of correcting the 
source of error. 

“Tdentity and color of cement should be known to and frequently 
checked by the engineer; a change in color might be undesirable on the 
job and furthermore promiscuous mixing of brands should not be toler- 
ated where careful control is desired since at times this procedure might 
cause erratic setting. The engineer must recognize that different cements 
require varying water contents to produce the same consistency or 
workability or strength. 

“Aggregates from various sources having different fundamental pro- 
perties should not be employed interchangeably as an error in yield will 
probably result together with erraticity in workability. 

“The operation, condition and accuracy of the batching devices 
should be checked from time to time. In other words the concrete 
control engineer must continuously observe all the individual plant opera- 
tions dealing with concrete measuring, mixing, etc. for all batches, and 
must at all times have his fingers on the pulse of operations and be able 
to readily contact the job. If his sound advice is not followed, the con- 
trol is weakened and then richer mixes will be required to meet the mini- 
mum strength requirements with safety.” 

Compacting, p. 73 


Mr. Thomson: The caution (p. 74) against using the vibrator to 


“cause concrete to flow’? might well be e-aphasized, as this is a common 


*The following changes in aggregate proportions indicate how to keep workability constant with changes 
in material gradation. These corrections may be applied in combination and—if the case is very severe— 
up to twice the corrections shown may be applied: 
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misapplication of the vibration method, which may lead to dire results. 
It might also be suggested that the internal vibrator should be kept at 
least 3 ft. away from the edge of the flow. 

Finishing; repairing surface defects—unformed surfaces, p. 77 

Mr. Crum: The caution (p. 77) that “sprinkling dry cement on the 
surface should be avoided” is good advice for the most part, but the 
practice has some warrant in cases where the finishing is handled by the 
general principles prescribed in the Johnson method of pavement con- 
struction and the inspector might well be made acquainted with the 
conditions under which this practice should not have bad results. An 
important feature of this method is the absorption of excess water by 
the surface cement under long continued manipulation which incorpor- 
ates the surface cement with the concrete and carries it past the time of 
initial set. 

INSPECTION AFTER CONCRETING—Manual p. 80-83 
Curing 

Wilfrid Schnarr*: Curing might be given more importance, thus em- 
phasizing the advantage gained in increased strength due to the proper 
curing of concrete. A figure similar to the one shown in “Design and 
Control of Concrete Mixtures,”’ published by the Portland Cement Asso- 
ciation (Fig. 3, page 33) might send home the value of curing which costs 
so little compared to the increase in strength. Some reference might be 
made to bleeding causing the water to rise to the surface, during which 
time no additional curing water should be added even after the hours 
stated. Where the surface is to be finished it is advantageous to remove 
surplus water so that the surface hardening will be more uniform. 

P. 81 (fifth paragraph, line 4) a time limit of one hour is suggested; 
and in the last line on the same page it mentions that spraying within 
the first few hours after concreting may wash some cement out of the 
concrete surface. Would it not be better to eliminate actual time limits 
as so many varying factors affect the time when curing should be started 
for different methods of curing? 

M. A. Swayzet: The matter of concrete curing is of prime importance, 
and the paragraphs under that heading in the Manual all represent what 
we think of now as good practice. Therefore, what I have to say must 
not be construed as criticism of the Committee, since they have presented 
only generally accepted methods. 

Over the last two or three years our laboratory has been studying 
early volume changes in concrete. In that study the matter of curing 
was inevitably involved, and from what we found it seems to me that 
we must do a lot of more serious thinking about this subject than has 


*Supervising Concrete Inspector, Hydro Electric Power Comm. of Ont., Toronto. 
tDirector of Research, Lone Star Cement Corp., Hudson, N. Y. 
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been done. I will illustrate by citing some of the present instructions. 
Here is one of them: ‘The preferred method of curing is the use of con- 
tinuous sprays—The spray shall be applied to unformed surfaces one 
hour after placing.’’ In other words, the concrete in such a case will have 
all the water it can possibly drink in, almost from the time when the 
spray could wash the cement out of the surface. 


A little further on the topic is wet burlap. You can’t put burlap on 
quite so soon, since the concrete has to be finished first. This means 
waiting for 2% or 3 hours after placing under normal conditions. 


Still further, under bituminous coatings, ‘‘The surface to be sealed 
should still be moist when the coating is applied.”’ In other words, not 
only should no curing water be added, but you should so fix the conerete 
surface that it can get no further curing water whatever after the coating 
is applied, 


When waterproof paper is used for curing, apparently its function is 
merely to prevent evaporation from the surface. We are admonished to 
take an occasional peek under the paper, and if the surface is dry, to 
rewet it. 


Here are four different methods for curing concrete. One says start 
curing at the age of one hour, another implies that about three hours is 
right, a third calls for no water at all, while the fourth says wait until the 
surface is dry and then wet it. Obviously if one method is right, then 
the rest are wrong. I have an idea what we should do is to go light on 
curing water at early ages, and then give the concrete all it will take 
after an age of 12-24 hours. 


I will have more to say about this at another time*, but it seems clear 
that this section of the Manual should be given some very earnest thought 
as to which is really the right way to cure concrete and which is the 
wrong way. 


TESTING OF CONCRETE—Manual p. 84-95 


Mr. Thomson: In the introduction to the chapter on ‘Testing of 
Concrete,” there might be included an explanation of the two main 
objectives for making tests, namely either to check on the quality of the 
concrete or to check on the probable development of strength in the actual 
structure at a given time. It should be pointed out further that if verifi- 
‘ation of the quality of the concrete is the objective, then it is necessary 
that the specimens receive standardized treatment as outlined in the 
ASTM specifications. This is especially necessary with high-early- 
strength concrete, because any variation in the temperature or moisture 


*See ‘Karly Concrete Volume Changes and Their Control,’’ M. A. Swayze, ACI Journnat, Apr. 1942; 
Proceedings V. 38 p. 425. 

















ACI MANUAL OF CONCRETE INSPECTION 575 


experience of the specimen may have a marked effect on the strength 
observed, and may result in incorrect conclusions as to the quality of 
the concrete. 

Number of specimens, p. 85 


Mr. Crum: The statement (p. 85) respecting the number of specimens 
required indubitably reflects the best current practice, but I cannot 
refrain from pointing out that the correct number of specimens really 
depends upon the required accuracy in the average of the tests in relation 
to the true value of the average of the tests of all of the specimens into 
which the unit of material being inspected might be divided. This rela- 
tion is statistically determinate and for practical use waits merely upon 
the accumulation and study of data that will establish the statistical 
characteristics of various kinds of concrete and concrete materials (see 


Manual Ref. 4). 


RECORDS AND REPORTS—Manual p. 96-103 


Mr. Julian: A sample set of reports covering the following, it is 
believed, would be a valuable addition to the Manual: (1) Mechanical 
analysis of aggregate, (2) Strength test of fine aggregate, (3) Strength 
test of coarse aggregate, (4) Soundness test of fine aggregate, (5) Sound- 
ness test of coarse aggregate, (6) Test of cement (strength, set, compound 
composition and chemistry), (7) Volume change and soundness test of 
cement, (8) Daily log of concrete operations, (9) Reports of tests on 
concrete. 

Since the Manual covers the reasons for a number of phenomena, a 
discussion regarding retrogression in strength such as is illustrated by 
hig. 97 (pg. 314) of “Materials of Construction” 5th edition by Mills, 
Hayward & Rader, might not be out of place. A frank discussion of this 
phenomena and what steps should be taken to avoid it would be most 
refreshing and interesting. It appears to be a much neglected subject. 


SPECIAL METHODS OF CONCRETING—Manual p. 104-117 
Cold weather construction, p. 104 


Mr. Thomson: The statement in the last paragraph p. 104 that “the 
casting of ordinary concrete structures at temperatures below about 
10 I. is considered undesirable” is quite misleading. If unheated con- 
crete is used, this is substantially true. But at present, in most of the 
larger cities where severe freezing occurs, there are available either 
heated aggregates for job-mixing, or heated ready-mixed concrete which 
can be furnished with a temperature of 60 F. or above; both arrangements 
will enable placing of concrete at much lower temperature than 40 F. to 
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proceed with entire safety, and with little extra expense for protection of 
the cast structure against freezing. In fact, it is much cheaper to heat 
the concrete prior to placing and thus obtain normal setting characteris- 
tics, than to place it in cold condition and attempt to heat it from the 
outside. Much concreting is now carried on in freezing weather by use of 
warm concrete. 

On p. 105 appears the statement: “the temperature of the mixing water 
as it comes into contact with the cement should not exceed about 140 F.”’ 
This might be interpreted as meaning that the water should not be 
heated above 140 F. Such a restriction is not in line with much of the 
practice and appears unnecessary. The suggestion might be added to the 
text that when hot water is used, the water and aggregates should enter 
the mixer prior to introducing the cement, which procedure will reduce 
the temperature of the water to a point which will not cause rapid setting, 
because the temperature of the aggregates, even when pre-heated, will 
be much below 140 F. 

Ready-mixed concrete, p. 106 

In the discussion p. 106, reference is very properly made (No. 30, p. 
119) to the ‘Recommended Practices for Truck Mixers and Agitators’’ 
adopted by the National Ready Mixed Concrete Association; the recom- 
mendations contained in the other references at this point, No. 5 and 
35, are similar in intent. But in view of the current extensive use of 
ready-mixed concrete in metropolitan areas, and the likelihood than an 
inspector may not have a copy of Reference No. 30 at hand, it is sug- 
gested that the text might include a summary of the recommendations 
as to capacities of bodies and also rate and number of revolutions. The 
text might also refer to the necessity of operating truck mixers and agi- 
tators in a reasonable manner as intended by the manufacturers, and 
avoiding any confusion with methods of operating stationary mixers. 
There have been many serious abuses of ready-mixed equipment as a 
result of inspectors demanding improper operation. 

Mr. Cohen: The point Mr. Thomson made of the interference with 
concrete operations would not happen if you had an inspector engineer 
who played around with materials enough to know or see, just by visual 
inspection, that the quality of the concrete was lacking. It would not 
be necessary to stop the plant, and cooperation with the contractor 
could be obtained at all times. The better the inspector, the better the 
job and the better relations you have between the contractor and the job. 

Mr. Protze would add p. 107, para. 3, line 7: “Enough loads of transit- 
mix concrete should be completely mixed at the batching plant so that 
the inspector will have an adequate conception of the consistency to 
apply proper control.” 
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Floors 


Mr. Farmer: The references on this subject are good, but it might be 
desirable to include in the Manual some of the information given in the 
references so as to be of greater value to the inspector in the field. In 
addition, practices which often produce unsatisfactory results should be 
more fully explained. 


REFERENCES—Manual p. 118-121 AND STANDARD SPECIFICATIONS AND 
TEST METHODS—Manual p. 122-128 


Mr. Thomson: The excellent lists of References and Standard Specifi- 
cations include several items which have been revised or re-written at a 
date later than given. It is suggested that in case of any subsequent 
edition of the Manual, these lists should be checked carefully to insure 
that the latest issues of all recurrent items are shown. 

Mr. Waugh: This list (pp. 122-128) is a very convenient reference, 
however, strictly speaking, it is not of very great value to the inspector. 
It appears to be of more value to engineers, architects and contractors, 
and therefore deserves the places it has in the Manual. A valuable 
addition to the Manual, so far as the inspector is concerned, would be to 
include in an appendix, the complete specifications and test methods 
which the inspector has to use in his daily routine. The list in the 
Manual includes 121 references, 15 of which cover the details of tests 
which the average inspector is called upon to make every day. These 
details are already available to the inspector in other publications, but 
the writer likes to visualize the Manual as the inspector’s ‘constant 
companion” on the work—a single source of information to which he 
can go for specific information when he requires it. The writer has 
numbered this list, for convenience in this discussion, continuously 
down each page, beginning on page 122. The 15 items which would cover 
the inspector’s needs, most of the time, are, 1, 14, 15, 16, 17, 18, 19, 20, 
27, 28, 32, 94, 95, 98 and 100. 

The Manual as it stands, is an excellent beginning toward the fulfill- 
ment of a distinct need, and is a valuable aid to the inspector. The 
committee and Mr. Kelly are to be commended for the excellent work 
they have done in producing the Manual. 


CLOSURE FOR COMMITTEE 611 


J. W. Kelly*: The assignment of the Committee, as we understand it, 
was primarily to prepare this Manual of Concrete Inspection. However, 
by implication at least, we understand that we are to promote in any 
way we can the general problem of getting competent inspection and more 
of it wherever it is not now provided adequately. That is perhaps more 


*Civil Engineering Dept., University of Calif.; Author-Chairman Committee 611, Inspection of Concrete§ 
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important than the Manual itself. This Manual is but a means to an 
end; if it is not used it has failed in its purpose. One way to start the 
general use of the Manual is for the men who have inspectors to engage, 
train, and back up to read at least portions of this Manual and to act 
accordingly. We ask the entire membership to encourage the provision 
of inspectors and inspection, the training of these inspectors, and the 
raising of the status of the inspector to a real profession that more men 
will get into and stay in, with pride in their work. In this way I think 
we will accomplish more than if we devote our attention merely to a 
pamphlet which tries to set forth the things that an inspector should do. 

We hope to improve the Manual and to make it more effective. The 
membership of this Committee was chosen from widely diversified 
interests and has given us many viewpoints which necessarily must be 
compromised in any statements about inspection. The Manual is not 
the work of the Chairman alone; some members of the Committee con- 
tributed in very large measure and in some cases drafted or re-drafted 
certain sections. Discussion of the Manual will undoubtedly continue 
to be open until it goes to the Institute, in revised form, for adoption as 
a standard. We welcome discussion, and all discussion will be given full 
consideration by the Committee. Of course we cannot adopt all of these 
suggestions, even if we see the viewpoint of the discussor, because in many 
cases the discussion or proposal of one man will conflict with that of 
another. 

A word about Committee policies: The coverage of inspection is so 
broad that outside of structural design we attempt to cover almost every- 
thing in the field of concrete, that is, in the field of construction. We 
could not put that all in detail in a small enough book that a man would 
read, so we have relied on certain other documents which we feel the 
inspector should have. For example, no man who claims to be an inspec- 
tor should be without the little booklet, ‘‘Design and Control of Concrete 
Mixtures.”’ If he is concerned with structural work, he should have a 
copy of the Joint Committee report. There are other pamphlets equally 
valuable which should be in the library of any forward-looking inspector, 

Another policy of the Committee is that we are not to make policy on 
matters of construction practice but that we are to interpret the policies 
set forth by other authorized bodies. There is a committee on the Design 
of Concrete Mixtures, a Committee on the Measuring, Mixing, and Plac- 
ing of Concrete, and so on; and we cannot undertake to set up ideas 
differing from those and other committees which have given special 
attention and special study to certain phases of concrete. Some matters 
of disagreement with the Manual should therefore be considered by the 
appropriate Committee, and if they agree to the suggested changes this 
Committee of course will follow. 
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The general reaction to the Manual has been very good; we feel proud 
of the fact that we have had more bouquets than brickbats. The voluntary 
discussion was very light; except for one paragraph on hot cement, there 
was no real complaint on the contents of the Manual as it was published. 
Prior to the convention, we asked some twenty members to discuss the 
Manual and assigned particular sections for special attention. Some of 
these members offered no discussion. Some, in order not to be accused 
of being inattentive, wrote that they had taken particular pains to read 
the Manual with the idea of finding criticism, but had nothing to offer of 
special significance. Others, in response to this request, submitted criti- 
cisms and suggestions at the convention and in the JouRNAL. 

Of course there are a great diversity of ideas as to what a Manual is 
and what a Manual should contain. The Committee’s concensus was 
that this Manual should be a small book which is not so long that a man 
would not read it, but not so brief and direct that an uninformed man 
would try to follow the rules without knowing why he was doing so. A 
very specific example of the failure of a type of instruction which would 
simply tell a man what to do is the old A.S.T.M. tentative rules for con- 
crete inspection, published in 1921, carried in the Standards for some ten 
years, and finally dropped from the A.S.T.M. Standards—an excellent 
document and really the nucleus of this Manual. It said the inspector shall 
do this and shall do that, but so far as we are able to learn, very few people 
ever used it. Necessarily then, what we have produced is a compromise, 
not so lengthy as some would like it and not so short as others would like it. 

The discussions can be classified into three general types: those few 
which call for less in the Manual, those which call for change, and those 
(the most numerous) which eall for additions. We have had a similar 
situation in the Committee. 

Regarding the proposed shortening of the Manual, one suggestion is 
that it is too much of a manual of construction, that we have not confined 
ourselves to inspection but have also told in many cases how to construct. 
A suggestion also has been made that we might separate the what-to-do 
from the how-to-do-it and why-to-do-it. Personally I see no possibility 
of doing that satisfactorily, but if any one will give us a suitable sample 
of a page or so, the Committee will consider the matter again. 

Second, in regard to changes: We received some well-founded objec- 
tions, one paragraph about hot cement, which was then changed in the 
second printing. Another discussion, at the convention, proposes a 
change in our policy of dealing with the water-cement ratio. There are 
also many proposed changes in detail, most of which are undoubtedly 
acceptable. 

Now as to the third type of discussion which would add something to 
the Manual, I am glad to say that most of the discussions are in this 
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group. If we were to conform to all of the written discussion we would 
add many pages. Some of these suggestions cover matters which are 
not within the province of this Manual, but they are all welcome and 
will be accepted to the extent to which we can incorporate them. 
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